NOTICK j  When  government  or  other  drawings  epeci- 
rloetions  or  other  dete  ere  used  fo-  may  purpose 
other  then  in  connection  with  e  definitely  releted 
government  procurement  operation,  the  U.  0, 
Oovemment  thereby  inoure  no  responsibility,  nor  *ny 
obligation  whatsoever;  end  the  feot  that  the  Oove;  - 
asnt  may  have  fonailated,  furnished,  or  in  auy  wey 
supplied  the  seid  drawing#,  epeoifioetion*,  or  other 
date  ie  not  to  be  regarded  by  implication  or  other- 
wise  ae  in  any  manner  lioeneing  the  holder  or  any 
other  person  or  corporation,  or  convoying 
or  permission  to  manufacture,  use  or  sell 
patented  invention  thet  may  in  any  way  be 
thereto. 


any  right ■ 
any 

related 


Best 

Available 

Copy 


;  hn*  th.  Asm 

VU  ^  M  r'  *  it  1h  lfl>  »"!(in'V|*5  1  Ml  <  *y  a  4*  |  J,n 

•  it.  to  inaiolt!  til! 

r»oltt»*ir ioation  »otioc  uliowu  hcrton^ 


l  I  Av  lii  A,A  I  SON  Uitwi  taolHlP 
AU  |  IIOHI1  **' 4  <r 

uv  /A . *w.a..»!»R- 


SUMMARY  TECHNICAL  REPORT 
OF  THE 

NATIONAL  DEFENSE  RESEARCH  COMMITTEE 


Tliln  ilimiinmnt  nun  tain*  Infnmm  tl.'ii  i.iTunlim  tlm  uultunnl  ,  ,f  i|m 

Minin*  within  I  lie  iimniiliiK  tlm  l>|ilnimKn  Am,  AO  IT,  H,  ()„  III  nml  113. 
m  nmmiilml,  1 1«  tmnainMiin  ur  Ilm  I'uvnliitlon  uf  ||*  niiniunl*  In  nttv  maiumr 
In  an  iiimulliiirlui'il  imranii  I*  |irolnlilini|  liy  |«w, 

Till,  vuliimn  la  ulnaalilml  ( 'ONI  IhKNTI  M,  In  mmorili.iiuu  with  aimnrily  ragnla. 
Hmm  Jif  Urn  War  nml  Navy  ttojinrimmii*  Imnnnan  mminlu  i<lm|it«ra  cummin 
("nlnrial  ivliirli  wna  CONl'  ilJlONTlAhnl  tlm  .Inin  uf  printing  oihnp  nlmiilura 
imiy  Im.V"  hml  a  Imvur  uliwmlfWllmi  ur  mum.  Tlm  iwulnr  la  mlvlaml  in  munmlt 
1  ”lir  m"*  Nnvy  atP’imliw  llalml  on  the  rovntwi  uf  thl«  iingn  fur  tlm  immmt 
I'liMwIllmillnn  uf  any  iniitiniiil. 


Manuscript  and  Must  rations  for  thin  volume  worn  prepared  for 
publication  by  tlio  Hunimiuy  Reports  droop#  of  the  Columbia 
University  Division  of  Wur  Research  under  non  tract  OJCM«r-U31 
with  the  Office  of  Scientific  Research  mol  Development,  Till#  vol- 
mno  wn#  printed  nod  bound  by  tlio  Columbia  University  Pro##. 

Distribution  of  the  Summary  Technical  Report  of  NDftC  Inin  \mn 
nimle  by  the  Wur  mid  Navy  Departments,  inquiries  concerning  tlio 
availability  end  ill«trlhut'*in  of  Hie  Hiiiniiinry  Technical  Ue|iort 
volume#  mid  nilerolllmed  no !,  oilier  reference  material  should  ho 
addressed  In  Die  Wur  Dopnrlmeiit  Library,  Room  I A -ft  22,  The 
Pentagon,  Washington  2ft,  I).  C„  or  to  the  Office  of  Nnvnl  He- 
•enroll.  Navy  Department,  Attention:  Report#  nnd  DoeunientM 
Section,  Washington  2ft,  1),  (’, 


Copy  No. 

135 


Till#  volume,  Ilk*  the  seventy  others  of  the  Hmnnmry  Teohnlcul 
Iteport  of  NDHC,  lias  been  written,  edited,  nnd  printed  under 
KmiU  pressure.  Inevitably  there  are  errors  which  have  slipped  past 
Division  renders  uud  proofreaders,  There  nmy  be  errors  of  fuel,  not 
known  at  time  of  prinUtipc.  The  uutlinr  has  not  been  able  to  follow 
through  Ids  writing  to  the  linal  page  proof. 

Please  report  errors  to: 

JOINT  l«l',#MIU)ll  A  Mil  mjVKI.OCMUNT  11(1  A Ull 
I’llOOIIAMS  DIVISION  (si'll  IIUIIA  I'A) 

WASIMNUTlIN  25,  n,  <\ 

A  master  errata  sheet  will  be  compiled  from  t  hese  reports  and  sent 
to  recipients  of  the  volume,  Your  help  will  make  this  book  more 
useful  lo  other  renders  mid  will  be  of  great  value  In  preparing  any 
revision*, 


SOS  IZZ 


HUM  MAH  V  TECHNICAL  HE  POUT  OF  THE 
APPMEO  MATHEMATICS  PANEL,  NDRO 

VOLUME  2 

ANALYTICAL  STUDIES  IN 
AERIAf  WARFARE 


K  KMKAHI-II  A  N  It  I) K  V KI.OFM  KNT 
'  ANNKVAH  H  Cf*  II,  1*1 1|  KOTO  u 

NATION  \|,  DKKh'NHK  II  MW  K  A  l<  t '  II  COMMITTKN 
•I  A  Ml, 8  II,  CiiNANT,  OH  All)  MAN 


A  I’  I*  It  1 1‘,  | )  M  A  T  II  K  M  T  I  08  )•  \  \  |,;  |, 
vv  '  H  II  K  V  WKAVMII,  OH  1 1.<  |<’ 


WAMHINOTON,  !),(•„  1,1411 


mmm 


i 


NATIONAL  DEFENSE  HESEAKCK  COMMITTEE 


Jiimi'M  H,  Conniit,,  Chairman 
Itichnrrl  C.  Ti.-lnntn,  Vice.  Chairman 
Itnfcor  Adnmn  Army  Ufpri'WMilntlvo1 

Frank  U,  Jtwidt,  Navy  l’i<|jrp«*ii(»tlvns 

Karl  T,  Compton  CommiKNloner  of  l’atimta' 

Irvin  Hti'wwrt,  Executive  Secretory 

'Amy  n/irmuhiUve*  in  imlrr  «f  errvtrr:  •Xiwy  rr/mtenMiert  in  imlrr  nf  tenure: 


MuJ.  (Ion,  li,  V,  Htrnit(t 
MdJ.  (Ion,  1!,  t'i  Mi  Hire 
MuJ,  (leu,  ('.  (’,  Wllllmii* 
Hrl«,  (leu,  W,  A,  Win  ill,  ,lr, 

Ciil.  K.  A, 


('ill.  I,,  A,  Id'intDli 
Ciil.  I'  II.  Il'f!,yiiitinvl!lii 
I  trim  (It'll,  I1!.  A.  llt'Kiiler 
Ciil.  M,  M,  1 1' vim, 

mil  lit'itii 


Ui'iir  Ailm,  II  (i,  llmven  lleitr  Aflin,  .1,  A,  h'drer 

Cn|it,  l.ylimml  !*,  Mmltli  (Imtr  A'iiii.  A,  II,  Van  Kmiren 

Cniiiiiindnrn  II,  A  Helmtltt 
*  Cmninitsinnvrt  nf  I’nirntn  in  imlrr  of  tervirt: 

CtlliWIiy  I',  ('ill'  (  |IH|II'I'  W,  OttlRK 


NOTCH  ON  TUN  ORGANIZATION  OF  NDUC 


The  (ItillcH  of  ilie  Nn I Itinttl  Di'feiiHe  Ifetmiireh  ( 'mi mill  lee 
wtie  (I)  in  ii't'imutit'iitl  in  ilm  Dlrei'lnr  nf  (IHIII)  miitnlile 

|iniji<p|n  mill  ri'M'tm'li  |iri>Krmtwi  mi  lltn  . . .  of 

wnrfittt'i  1 1 Wilier  with  enidriii'l  fiiclllilox  fur  eiirrylna  mil 
them'  iirnjeeU  mill  |iro«rtiitm,  mill  (if )  in  mlmhiMcr  llte  Ieoh" 
lileitl  mill  leletiline  w  ork  nf  I  lie  eiiiitriiolH,  Mure  n|M.<i'lfli'iilly, 
NDIIt'  fum't It mt'il  liy  hiltlmhiK  rcwiirrh  |irnJeelH  nil  it- 
fjiietilit  front  the  Army  nr  the  Nnvy,  nr  mi  iei|iieniH  frnm  mi 
nllleil  K'tveriimimt  Iriiimiiiltleil  iIuhiikIi  the  l.hihmii  nillee 
nf  OHIil),  nr  nn  II n  own  I'ntiMiilereil  lull  Ini  Ive  m  ii  lemill  of 
(lie  eniierlenee  nf  II*  nii'inlit'in,  I'lnfinmilH  |iri'|iini*i|  liy  the 
I )lvl«lnii,  I'niiel,  nr  ('nimtilllne  fur  rewitreli  eniilnielH  fur 
lierfnriiiimee  nf  llte  wink  hivolveil  In  hiicIi  |trnJorln  were 
find  review  ml  liy  SllltC,  mid  If  n|i|ir<ivi>«|,  reenimneiiileil  In 
the  Illret'inr  nf  (JHIIH  I '|»»ut  n|i|iriivnl  nf  n  |irn|inmil  liy  the 
nirnetnr,  n  cent  i  net  poinilllhiK  iiimdinniit  liexlhllliy  of 
Helentlfhi  effort  wn«  11  minted,  The  I n imIiii'mh  iih| ii>i'| m  nf  the 
enntriiet,  Ini'hiilliiK  mil'll  unit  ter*  iih  initti'i IiiIn,  rlemiinoen, 
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ret  m  y  nf  OHIH), 
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The*e  were! 
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t'lteh  with  n  chief  m'leeted  nn  the  IiiihI*  nf  IiIh  mitid  muling 
work  In  the  |ntrtlmilnr  Meld  The  NIJIIC  ineinherit  then  lie- 
emiie  n  review  Inn  mid  iidvlmiry  group  In  the  l»l  rent  nr  nf 
OMIfl),  The  Mind  nrgmiUiitlnn  wint  n«  fnlltiwm 
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IVDttC  FOREWORD 


Ah  kvknth  of  the  year*  preceding  1 010  revealed  morn 
/».  and  molt'  elourly  the  HorlnmmoHN  of  the  world 
HltiMit  loti,  many  noIoii I Inf h  hi  IIiIh  onimtry  ritinn  to 
I'lmiiii'  tin*  need  of  nrgnnlxlng  wlontltlo  roHonroh  foi 
rervloo  in  ii  imtlunul  emorgouoy,  HooiminiomlutlniiH 
which  t  hey  n mill’  In  tin*  White  IIiiiino  wore  given  earn- 
fill  and  aympntluttlo  attention,  mid  im  n  roHidt  the 
Nuilimal  Dol'eiiw*  He«onri*h  Commit  toe  [NDIIC]  whm 
formi’d  hy  Kxeeiitivo  Order  of  tin*  Preahloiit  In  t ho 
cummer  of  1010,  Tim  momlmi*  of  NDIIC,  upiiolnt <•< I 
hy  flu’  Hiwltiont,  woit>  hint  runted  to  Hii|i|ilomoiit  flm 
work  of  flu*  Army  mid  I  ho  Niivy  in  flu*  dovolotnnoni 
of  tlioliiHti’iiiiioiitnlltloHof  war,  A  your  In  tor,  upon  I  lie 
wtnhllMliinoiit  of  tin*  Olliooof  Holrnllllo  HoHonrob  mid 
Development  [( )HH  1  >’],  Nl)lt(’  hoonun*  ono  of  Iin 
iiiiIIn, 

ThoHumnmry  Toolnili'id  Hoport  of  NDIU '  Inii  oon- 
Hrlonf Ioiin  effort  on  flio  part  of  NDIU'  to  HumimtrUe 
Mild  oviihuili*  lt>*  work  and  to  prowml  ii  in  a  imoful  mid 
porniii fiont  form.  If  cmuprlNON  mime  novoufy  voIiiiiion 
lirokoii  Into  groupa  corroMpnmIlug  In  the  NDHC 
DIvMoun,  HiiiioIh,  mid  Cimnulttim 

Tin*  Hiininniry  Toolnili'id  Hoport  of  onoli  DIvInIoii, 
I'miol,  nr  ( 'nnindf  foi*  In  mi  Intogrul  anrvo.v  of  I  In*  work 
of  find  group,  'I'lii*  flrnt  volume  of  ouch  group'a  re- 
port  contnliiM  a  Nummary  of  tlio  roporl,  adding  tin* 
proldnnm  prowulcd  and  flio  pldloHopliy  of  iiltiicklug 
tlioni,  mid  Hiiuiiiuiilalug  tin*  ri*mil t w of  flu*  roNoaroh,  do* 
volopmoiit,  mid  training  noflvItloH  iiiidorlnkon.  Homo 
vnliimi'N  limy  In*  "at  a  to  of  tin*  ml”  tronllaoa  euvorlng 
kiiIiJoi'Ih  lo  wliloh  viniorn*  row  •arch  groupa  Imvi*  eon- 
li’llmtod  Inl'ommllmi,  Othom  may  oonlidn  dowrlp- 
tlmw  of  dovlooH  dovolopod  In  I  In*  InhomlmioN.  A  iiiiin* 
for  Index  of  nil  (how*  dlvlNlniinl,  pmiol,  mid  ooinniltloo 
roporl a  wliloh  togollii'rotmHtldiloflic  Hminmiry  Tools- 
idt'nl  Hoport  of  N I  )IK '  l«  I'oiitiilnoil  In  ii  wpanilo  vol- 
111110,  wliloh  nlwi  IiioIiiiIon  I  la*  Index  of  n  inli'rofllni 
n*i*m*d  of  |iorllnoMt  loohnioid  Inborn  I  m  y  mpm-tn  mid 
roforoiioo  material 

Hmm*  of  (In*  NDIU'-npommrod  iohoiiii'Iioh  wliloh 
had  hooii  doHnwdllod  by  tliooml  of  lit  Ifi  won*  of  will!- 
idont  popular  liiloroM  that  it  wit  a  found  iloHlnihlo  to 
rojini't"  thorn  In  the  form  of  monographa,  wmli  n*  tin* 
roi’loH  mi  radar  by  DivWon  N  and  tin*  inmiogmpli  on 
dimpling  limpm'llmi  hy  tin*  Appllod  Matlioninflon 
Hanoi,  Hhi«e  (la*  inalorlal  t mated  In  (horn  In  not  dupii- 


faff'd  In  the*  Mammary  Toohnlon!  Hoport,  of  NDHO, 
tin*  nmmigrnphw  aro  an  Important  part  of  tin*  atory  of 
thow*  HNpoclN  of  NDIU’  nwouroh. 

In  oontrawl  to  tin*  Inffirmntlon  on  radar,  wliloh  In  of 
wldoNproad  IntoroNt  and  mnoli  of  wliloh  In  roloaNod  to 
tin*  ptihllo,  tin*  roHoarrli  on  aobmirfReo  warfaro  In 
hugely  oIiinnIIM  mid  In  of  general  IntoroNt  to  n  morn 
roNtrlolod  group,  Ah  a  foiimuinonoo,  tin*  report  of  Dlvl- 
hIoii  i|  In  found  nlnioat  ontlroly  In  IIn  nummary  Tooli- 
nloal  Hoport,  wliloh  rmiH  to  ovnr  t wont y  voIihiiun, 
Thooxtont  of  llio  work  of  a  iIIvInIoii  rainiot  llioroforo 
ho  Jin  hind  wiloly  hy  (In*  nnmhi*r  of  volume**  devoted 
to  ll  In  *lio  Miniinniry  Toolinloal  Hoport  of  NDHC: 
in ‘fount  iiiiinI  ho  laki*n  of  tin*  nionogmplia  mid  avail- 
ahlo  reporla  puhliNlii’d  olwtwhorn, 

I’orlmpN  lln*  highoal  Irlhiito  wliloh  noidd  have*  hoon 
paid  to  tin*  roll*  of  mat lii<i»iii.tti‘hinw  In  World  War  II 
wan  (In*  ootnplolo  luck  of  aN(oidNliiiH*iit  w  lilt'll  grouted 
I  hell  coni  rlhiit  Ioiin.  To  tlio  Appllod  MaflionmtloN 
Hanoi  of  NDIU '  oann*  urgent ,  varlod,  and  I'nrinhlahln 
roipioNiN  from  ovory  ntlior  group  In  NDItC and  (ivory 
military  norvloo.  \n  I'xpootod,  thorn*  roipioata  worn 
mot;  and,  iiIno  iin  oxpootod,  lln*  roNiillN  wire  found 
Invuiimhlo  in  ovory  phiwo  of  warfare  from  dofoma* 
ngnliiNt  onomy  attaok  lo  lln*  doNign  of  now  woitpmiN, 
roooinmoiidnlloiiH  for  thoir  mho,  prodlol Ioiin  of  tlwlr 
iiNofiilnoNN,  and  nmil.VNlN  of  thoir  offoota. 

To  moot  am'h  obligat  ion*,  I  In*  Appllod  Midlnmmt  lim 
I’miol  nndor  tin*  lomli'iHlilp  of  Warren  Woavor,  to- 
gi'lhor  wlih  inoinhoi'N  of  IIhnIiiIT  and  of  Itaountmotiira1 
hIiiITn,  inado  avallaldo  tlio  MorviooM  of  a  group  id'  mon 
who  won*  mil  inoroly  nhlo,  omiipotonl  limthoiiialh'luiiN 
hul  iiIno  loyal,  devoted  AinorlomiH  (*uoporntlng  iiiihi*||'- 
InIiI.v  in  tlio  dofoiiNi*  of  thoir  ooiinfry.  The  Huinmmy 
TitIiiiIi  iiI  Hoport  of  llio  Applied  MathoiimllcN  Hanoi, 
propnrod  mulor  llio  dlivi'limi  of  tin*  Hanoi  Chief  and 
mithorlaod  hy  him  for  pnhlloatlmi,  In  a  rnoord  of  thnlr 
iiooiimpltahmonta  and  a  lONtlmuiilal  In  thoir  aclnntlfla 
Integrity,  They  iIonoi'vo  tin*  grateful  ap|ir(H*l«t*lim  of 
the  Nation 

Van'npvau  Hewn,  Dlrontor 
fifin'  uf  Soienliflp  Hvmo'vh  and  UmtUumfnt 

.1,  H  Comant,  Chairman 
NnUuml  IhfetiKv  Itumwh  (Jimmilke 
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FOREWORD 


Wiikn  the  National  Defense  Hcscareh  Com- 
tnltfeewas  reorganised  ill,  thn  end  of  i  IMS,  It  wax 
deckled  to  not  I||J  a  now  organisation,  culled  the  Ap¬ 
plied  Mot! 'emotion  Panel  [AMP],  In  urder  to  bring 
mathematicians  as  u  group  more  effectively  Into  the 
work  lining  curried  on  liy  oeientloto  in  support  of  the 
Nation 's  war  effort,  At  the  time  of  the  original  ap¬ 
pointment  of  the  National  Dcfcnxcllcxcnrclit  iominlt- 
toe  hy  President  Honxevelt,  no  inathenml lelium  were 
Included  on  the  Committee,  ami  it  wan  ant  until  the 
NDHC  had  lieea  opemtlng  for  more  than  a  year  that 
the  need  of  a  separate  division  devoted  to  applied 
mathematics  was  recognised,  Althotigli  many  of  the 
operating  Divisions  of  NDHC  had  net  up  nuithc- 
nmtienl  groups  to  handle  their  own  aualytieal  proh« 
leitiH,  It  wax  Intended  that  the  new  Applied  Mathe¬ 
matics  Panel  should  supplement  such  groups  and 
should  furnish  niatliematical  advice  and  service  to  nil 
Divisions  of  the  NDHC,  carrying  oat  requested 
mathematical  anal, vacs  and  remalnhig  avallahle  ax 
conxiiitaatx  after  the  original  amilyxex  had  linen  com¬ 
pleted,  The  Panel  wax  organlstcd  too  late  tc  make 
poxxlhle  a  folly  definitive  trial  of  the  xaeeexx  of  thix 
type  of  nrgaolisat  Ion,  That  inafhematiex  hax  a  funda¬ 
mental  role  to  play  In  the  xdence  of  warfare,  I  am 
sure;  1  have  act  forth  xiimiv if  theconxldcratliiiix  which 
xeem  to  lie  relevant  and  linportatii  la  the  laxt  chapter 
of  Volume  2  of  the  AM  PHunnnary  Technical  Hepnrt, 
The  aetual  ilevelnpineat  of  wartime  xelentlflc  work 
proved  to  lie  xneli  that  the  Applied  Mathemntlcx 
Panel  hax  not  only  been  culled  upon  foraxxlxtance  liy 
NDHC  Divisions  lint  Imxnlxn  directly  iixxlxted  many 
branches  of  the  Army  and  Navy,  Indeed,  at  the  eon* 
elnxloit  of  linxtllltlex,  when  appruxi ma tely  two  Imn- 
dred  studies  had  lieen  undertaken  hy  the  Panel, 
roughly  nne-lmlf  of  tliexe  reprexeated  direct  reipiexlx 
from  the  Armed  Hcrvleex,  Furthermore,  the  cnoxnit* 
Ing  act  Ivltiex,  growing  nut  nf  studies  originally  under¬ 
taken  to  atixwer  specific  iptextlnnx,  turned  nut  to  lie 
considerably  more  extensive  and  significant  titan  wax 
nrlglnally  anticipated  I  think  that  the  Importance  of 
til  lx  phase  nf  the  work  iwunit,  lie  too  xtrougly  inn- 
phuslsed.  Hut  tin  muuumt  of  xueh  general  eouxultlng 
aetlvlt  lex  lx  given  here,  thlx  report  lining  rextrlcted  tit 
tlm  formally  constituted  xtudlex, 

Thn  analytical  work  imdec  AMP  xtudlex  wax 
carried  on  hy  mathematicians associated  In  grunpx  at 
varlonx  unlverxitlex  and  operating  under  < Will)  eon- 
Iraels  ailmlnixtered  by  the  Panel,  To  tlm  melt  who 
nerved  ax  technical  reprexentatlvex  of  the  umverxltlex 
under  these  enu tracts,  and  to  the  technical  aldex  wlm 


axxlxteil  the  Chief  In  the  administration  of  the  Panel's 
Hclentlfle  work,  the  Pnnel  owex  a  largo  meaxnm  of 
whatever  xnceoxx  It  achieved,  Thexe  men  eomhined 
nutxtaudliig  xeleutlfle  competence  with  energy,  re- 
ximrcel'nlnexx,  and  a  selfless  willingness  to  devote  their 
mvn  effort X|  ax  well  nx  I  he  efforts  of  their  xtaffx,  tu  the 
xiilutlnn  of  other  people's  problems,  The  general  plans 
fur  the  Panol’x  aetlvltlex  were  haxed  upon  the  eminxe! 
of  a  group  nf  eminent  nmlhematleisns,  formally 
In  helix  I  Wwt'ummittw  A  ttvimp  to  the  Scientific  Ofllrer, 
Thlx  grnnp,  meeting  every  week,  and  cunxlxtlag  nf 
It,  Cnunml,  (I.  (’,  Kvtutx,  T,  C,  Fry,  h.  M.  ( leaves, 
II.  M.  Morse,  <)  Velilen,  and  H,  H,  Wilks,  hail 
rex|innxlhiiit,v  for  the  preliminary  examination  nf  rn- 
ipiextx  whlrli  reached  the  Panel  and  for  deeixlimx  on 
overall  policy,  The  Chief  relied  heavily  on  lltelr  ad¬ 
vice  which,  to  a  large  extent,  determined  the  effective* 
nexx  of  the  Pnnel’x  aetlvltlex, 

Ax  the  work  of  NDHC  developed,  the  Panel  wax 
enllixl  upon  for  assistance  hy  ail  of  N  DltC'x  nineteen 
Dlvixlonx,  It  ix  not,  therefori',  surprising  that  the 
xenpi'  of  the  Punel'x  aetlvltlex  eoverx  a  wide  range, 
falling  Into  four  lirnail,  tlamgli  xomewlmt  over¬ 
lapping,  categories:  sr, 

1 ,  Muthmntiml  ntiolien  tmmil  upon  entnin  chnniml 
JIoIiIm  nf  applied  mat  hemal  icx,  xnch  ax  clitxxieal  me- 
ehimlex  and  the  dynamics  of  rigid  bodies,  the  theory 
of  elasticity  nail  plasticity,  fluid  dynamics,  eleetrn- 
dyimmlcx,  and  tlierniialynmaii'x, 

2,  Aiuiliiliriil  ntoilie x  in  utvinl  ic nr/nre,  Ineludlng 
axxexxineiit  of  the  performance  of  sights  and  antiair¬ 
craft  lire  control  equipment;  xtudlex  relating  to  tlm 
vnlnerahiilty  of  aircraft  to  plnnc-to-plnnc  ami  to  anti¬ 
aircraft  fire  and  the  optimal  defenxe  of  the  airplane 
against  these;  and  analyses  of  problems  arising  from 
the  use  of  rockets  in  all*  warfare, 

,'t,  I’rnhnlrilitH  am/  ntntintieal  ntudirn  eoncetned  with 
the  effect  I  venesxuf  hotnhlng;  various  aspects  of  naval 
warfare,  Including  fire  effect  analysis  /mil  the  perform¬ 
ance  nf  torpedoes;  the  design  of  experiments;  sam¬ 
pling  Inspect  Intt;  and  analyses  nf  many  types  nf  data 
collected  hy  the  Armed  Hcrvleex, 

T  ('wnpotoUmul  wmeen  concerned  with  the  oval- 
mil  Ion  nf  Integrals;  (lie  constmctlon  nf  tables  ami 
chartis;  I  lie  development  nf  techniques  adapted  to  the 
Hulntlon  of  special  problems;  the  nature  and  enpa* 
hllltles  nf  enntpntlng  eipdpuient, 

The  work  nf  the  Panel  In  the  first  two  «f  these  cate¬ 
gories  Is  summarised  in  Volumes  1  and  2  of  the  AMP 
Hummary  Technical  Iteport,  Volume  a,  together  with 
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t  wo  monograph**  which  the  Panel  hum  prepared  deal* 
Inn  with  HHinpliiig  limpecllon  mid  terlmhpre*  of 
*tntl*tleal  amdyid*,  provide*  it  *nnnnnrv  of  the  work 
hi  the  third  category,  'I’ho  fourth  eh**  of  aetlvltie* 
him  Imeri  reported  In  AMI*  Note  2/1,  Dmviittim  of 
Mathematical  Tablet  Com/mlrtl  uivler  the  niixpieea  of 
the  A  m>tmi  Mathematic*  hmel,  S' DM';  In  AM  1*  Note 
2tl,  Ho  foot  on  Numerical  M  cihwl*  Hoi/iliiyal  by  the 
Mathematical  Tahirs  1‘raject;  innl  In  the  report*  puli* 
IImIumI  liy  the  l’unel  under  AMI*  Htmly  171,  Survey  of 
Ci mauling  Machine*,  No  utteinpt  lut*  lieeii  n utile  to 
report  on  Work  which  will  *lmrtly  lie  piihlhhed  it* 
urtlele*  In  Mrleotlfic  Jouriml*  or  on  re*uli*  which  lire 
deciued  loo  wpeclnl  to  lie  of  continuing  Interest . 

The  prepiirntlim  of  thin  Huninuiry  Technleitl  He* 

* Soni  filing  I  Iit/irciiini  unit  Teehuimr*  of  Nhaitlintl  A  ntilu*i». 
|mli||»lii"l  tiy  llir  Met  i  nm  1 1  ill  Moult  Co„  toe 


port  tvtta  undertaken  after  the  end  of  World  War  II, 
lit  «t  time  when  the  member*  of  tha  I’miel'M  ntnff  and 
of  the  emit  met  group*  were  eager  to  return  to  their 
peiieetlnie  career*,  Thu*  the  preparation  of  these 
t  hree  volume*,  widely  for  the  tnirpomi  of  recording  for 
the  HcivIcch,  In  anally  ncccawlble  form,  the  aelentlflc 
reiodt*  of  the  Panel1*  imfivHIcw,  wu*  achieved  at  rettl 
perwinitl  wtcrlftee,  I  nm  greatly  Indehtod  to  the 
mil-horn  of  the  *eveml  part*  of  tlm*o  volume*  and  to 
the  I'hl  I  fer  ial  Committee,  enimiwthig  of  Mltia  Hen*, 
I,  H,  Hokolnlkolf,  and  H,  H,  Wilka,  for  the  udinlmbln 
Job  they  have  done  In  bringing  together,  under  high 
preajiure,  a  miniiiairy  of  the  principal  Ncientlfto  ac- 
eompli*huienlH  of  the  Panel, 

WAIOthM  WnAVlill 
Chief,  Applied  Matlienmtlra  Panel 
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I’MEFACE 

fut'idahex  .1  Ktmimm-v  of  Mamo  ae-  eonlemal  m.  thmip  for  dhlhiRtdidted  m'vlm  in 
1  tlv i  ff’"  oi  the  App  led  Muthematle*  Panel  which  the  reaenrrh  tuid  fJa*v»lti|4nit«nt  of  mfvaf  „rdmu,ee  and 
ncc  CfrtMH.rncI  with  nlr-to-alr,  Rmmi.l-t.Hdr,  nr  air-  In  parlienhir  I'nr  Hh  eontHl.ntlm,  !* the  S  H  1Z 
.OR1'.  Hint  I  \i  a  rl  are  axel  i  txlve  ol  hnmldtiR,  tin.  majority  ofRaiiNlRlit*  Murk  INkiuI  S,’|,  At  North  went  era  whom 
of  a  n< llna  ImvImk  n  .In  with  HkuMr,,  and  . . .  lire  a  Panel  IhhmI.hI  h.y  Wnho, 

1  *  |  "*  fi|l,",l"!'"t'  »«nrh  of  thlw  work  wnn  Hum*  touch  with  Dlvlxh’m  7  mid  the  Patuxent  Naval 

ttl.ylMken  »t  ho  reMoe*l  of  that  part  of  the  Nhlif  Air  Hlatlon,  the  principal  concom  w^w  th  Hu! 

» he  Whole  i"  /  r,‘w’",Tl1  !l"'1  'Mv',,"Pmen,  1,1  «1“v<i|«.pnieiit  of  method*  for  tlm  experimental  ixel- 

f  fl,'M  "f  «"*  muno  v.  Division  7,  moot  of  lire  oontrnl  xyxtentx  for  ner,L.,vuH 

many  ropnoata  were  reeolved  f, . .  other  Divlxlnn*  of  emphnx . .  omnem 

kbSSSS  SES  SSSa 

ijiiiHtH  im\ ol\ o  fttitflh**  tvlilHi  I  tm  miii |(«  in  ||nm  wuik  In  tin*  hut  nf  nil  4ii  »  |  n, 

<I<,H|I|*11  M  H''Uu"Um  wl,h‘h  m'm' M(  KIiicIIpnh  iif  wuim Tim  I  WI*m  unhIkiuhI  inimVillu  Ini 

I  nit  lally  I  mm  the  Imperative  need  lo  ul.tnlii  rrxulix  the  mudy  tied  axperlxof  the  Mtihjeet  In  retlectml  In  tin. 

'  '  1 . ^  'V«H.I  War  II  xo  the, . .  emphnxlx  Panel  xtndi,.  wl  t  I  I  •« m J|| 

"I  the  Htildle*  were  . . reined  either  with  the  Ini-  evident  Tl.„  i  ",  .  '  1  "K 

prowmenl  of  the  Iheorelhil  aeenraey  of  eipdpioeot  aerial  Rniniery  which  Inih  Iwi'ir kIvimi “iVv^HHiiitilcrH 
I*'.  m  ""W"  ehatiRcx  hi  dexlRii,  or  with  the  heat  one  of  Maelame  »  In  which  lie  xnrvevx  mol.lK-  mr  ..  u 

1»»  «*»«  «•»  and  in  a  nonleeh, ileal  manner  the nu.terlid I'mJi 

mixtui  xpeillh  .picxtloiix,  haxle  rexnllx  were  derived  lit  Pari  i  of  IIiIm  'ei.„  .  ,  .  •  , 

which  whonld  lie  of  cent  Innliin  IntereHt .  In  llicacconnt  paper,  critical  and  »L.|ilr  M,ate  m  1'iu  I  i'lf 
here  Riven,  It  lx  the  It, title  theory  whlelt  IxenipImxUed,  experletaa.  will  la.  found  of  the  wav  m.imJ'v  l*11  "  / 
all  ioiirIi  a  inlet  iieeoniit  of  many  xpeellie  rexoltx  lx  wax  himdled  dnrliiR  World  Wur  II  Tim  nV  '  'T**  1 

rra  .rr^r 

. . "Tp 
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«•«* . .  . . ,  u",« l’  . . t 

several  year*  devoted  aln.oxl  exrh.xh  eh  to  thlx  eomltat  u  .  1  i  n  i  |Vw  B 11  W'ttwry  hi 
Phaxe  of  warfare,  while  xeverul  other  eontraelx  . . «  a  W  £  !’ 

cm»w„c.l  with  If  for  xhorter  perl, alx  of  In  ll,c,«V!  ,’ml  ISShl.  I  !  I™ Seh' ^ Th| 

amne  eaxea,  ax  Ineldentid  nxpeeta  of  their  work,  The  xvxteoix  attomot  t  ,  t,  h  1  etiotrol 

Js£h-55l  “ 

sk;  *  . . .  « 

J’he  Naval  Urdtmnee  Development  Award  hex  law,  l ' i,i . y ‘ "a. iri i» / 'tium  AMiUV  4,M'  ^"hiinhta 


Unhiinlila 


UNGtOFIED 


imr,v  clarity  mid  offwUvrnwH.  Haennao  hi.  muuv  or 
which  iii'o  rnviowoi I  wi  re  wrlitnu  In  reply 
«*  n|»o(.|||(-  .ptcatlnua  ivlilt'li  limit'd  ttitU*k  mtawora,  the 
i-ol.  of  pmtotif.|iiK  h  mil llixl  pletnro  of  the  work  whh 
piU’tleuluiiy  dllllenit,  Thu  account  rtdli'ctr  the  nnliitic 
expoiieiioi,  of  |)m  a, ill, or,  \)  W,  I’hnhiiii ,  will,  Army. 

Niivy,  NDHC,  mid  Ihillali  rot  well  hh  Uornmn 
artlvitlea, 

In  I,|ii'l  t  o|  tlila  ViiIiiiih',  the  hdinviur  ,»|'  womiotia 
’V"  control  mofliii iiImium  |h  attidtod  rather  than 

'  HMiti'llcil  I  employment  „„,|  atndcgle  e.maeipie, . . 

,  ,  "WH'f  ,I,UN"  "iMiimiiN,  In  (Nut  I  V,„  lirler  m . . 

u  ft  VOII  til  two  HttnlloM  iiImh  dealing  With  olr-tiwtli* 

WT  w  l,Hl  mmo  hiivliijt  genonil  I  act  leal 

or  almtoglc  acnpo  lltmi  did  moat  other  AMP  Hindi. *. 

SlTw  . . .  1  Wt.rkh.ui.,  I,t. 

Mount  N  IImoi,  O  worviilnry  nrolor  VV.  H.  Adam*,  «„d 

«'  I  rl, .roll.,,  „n dor  M.  M,  n„,.d  rnrrltwl  the 

. . iv:‘  ro, Hill oi |  l.oro  whirl,  worn 

rornod  wllli  Mm  lion,  Midi. 'ill  into  of  the  M-21f,  sviiiht 

MTl,vh  (il*'»"P  f  ‘nlniiililii,  tvlu wo 
l1,!1 v w.  aho„  wain*,  w„h  „«m. 

m,  f'h  'in  ',"y  ","’lll",ivo  ‘W'H’f  PIhiio  ilium- 
nont,  In  addition  in  m|H»rflnK  on  thoao  two Mtitdii'H, 
trr;  IV  give*  «  iIIhimihhIoii  of  ,t  genonil  f  liuorv  ol  ,dr 
'vnrnro  mid  „!  of  tho  eonlrllmtlmia  which  i 
malhorontlea  can  iimko  in  i|,o  . . . Held  ttf  tl(l(|n„„|  . 

I  Vf7n ’i  1  N  MlwkMtf.  n  Ihillali  pioneer  in  i 

f  lu*  I  old  of  operational  roaoi.rdi,  who  |tnjniod  mil  that  , 

In  io  nfmly  of  how  mid  why  weapon*  perform  , 
loot  (hoy  limy  ho  Improved  Unit  |h  amcimhfo  to  tho  *| 

iimiiil  n 1 1| •  miioh  of  l  ho  phyalcid  aelotico*,  whcreita  il.n  i 

"  udv  ot  how  (Hot  Ion  I  |M'(ii<ot|iin<H  irmy  ho  improved  I 

(l|o dotoroilimthin  . . *|*  |„  rcniiroeanf  w„r 

to  modify  atmtcglo  o„nro|itN  rtwiuln*  hIm i Iwtlrul  and  „ 
v min th m id  inellmda,  In  I'nrt  IV  amac  Indlrnth.n  In  o 
ft  Ivon  hy  flic  Chief  of  tho  Appilml  Miitliciimllca  Pmiol  l'« 
"  *oi I vlt hw  of  th,,  Pnnol  nnd  „f  „t H 

agcndoa  relate  to  a  achoiic  Tor  it  liroiidnr  mud  vt  leal  ,V 
iippHinoh  to  tho  prohlema  of  ulr  warl'iire  nod  nf  war-  hi 
furo  In  gouornh 

I’lit'l  II  In  oonoortHNl  with  tho  alglitlug  methoda  !!’ 
W’hloli  nro  hmalhto  for  nliimriio  rockota.  Although  mi  O 
Important  part,  of  tho  Pmiol’a  work  in  rocketry  omi-  A 

slNtod  of  . . .  „„  lighting  nn<th  H|H  mui 

Inti'll  prohloinN  with  vnrluMN  groii|M  mid  In  noIvIiik  v, 
irolilmnN  oomiootoil  with  NtHmlid  nlglitH,  no  lu'ooimt  J) 

1"  ''7  f‘v""  Ul"  "Mil  romiltw  ohli.lnod  nxoont  ,|. 
lor  a  lirlofinoiiMon  In  tho  Inlrodnoflon  to  ( iimitor  ft  1) 
w htw  hll»|loKm|>liloftl  mniroo  ii'.H«?lal  so  !  (!jo«l  o 
1 1 m  aroonnt  |.rcwoiitnd  In  Pari  1 1  U  nnioornrii  only  ,.n 


or  with  that  part  of  tin,  PanoPa  work  in  tho  hold  which 
i  tls  ,l,"'ll",d  to  ho  nf  Import anw,  for  tho  fnliirn  Nn 
ho  Hitt  hi,.'  in  ludloatod  f'n,  Part  II,  aim,,  tho  chapter 

i"  !'rp,7"l!r  '"T*1  Iv,'ol,'V  a  propm-od  |„  t|„, 
I  anol  odlco  of  work  whloli  orlgliiatod  with  Hauler 

V;  "llH  ln  ,,f  UiV  i’Of'kotry 

!  Tlr,»NWll,tn,,y  w,,’v,mI  11 "  11  nwinlmr  nf  tho 
;\|,p|  od  Matlioinalloa  dro„p  at  Columbia;  In,  not 

*  ,  'Ir  VW,H  d  "ork  oarrlod  nn  at,  Oiilumbia  and 
n  Nnrtlhvoatorn  for  tho  Pm„,l  In  tin,  gonoral  Hold 
n  ‘  II  o  control  f„,'  itlrhornr,  rocknla,  hut  nmlntalnod 
oT.ot  vo  n|,(|  oontlinioiia  lltdann  with  tin,  work  of 
I  Imiwlnn  7  In  (Ida  Hold  and  with  tlioaotlvltioaat  umitv 
Army  inol  Navy  oatahllahmonta,  parthuilarly  tho 
:  i,  " 'm'"'0  r,wl  H,i.tli>i,  id  hiyokom,  tho 

I'jirpomtlnn,  tho  Covor  Army  Air 
I  a ho,  W  right  Mold  Armmitoiit  hahomtory,  tho 
IS  aval  Hnroini  of  Urdmmoo,  and  tho  Hrltlah  Air 
CooiiiiInhIo.i, 

T1"’  'I'V’  'i'liptor  nf  Part  III  la  on . .  prlnoh 

liiHly  will.  «n  aocount,  nf  roanlta  oiilnluod  hy  tho 
I  oiifl  OH  nil  oMtooino  nf  vnrlmm  roipioMta  fur  tho 
hh'iMhoI  nut  lid, -cruft  o,,„lpmonl,  Moat  „f  tlila  work 
W'aa  done  olthar  hy  the  Applied  Mathoinatloa  Uroup 
IV  "l"1" '"HtlohiinhlaHta  tint  leal  Hoaonroli 
Urnnp,  I  ho  hoc mil  ohnptor  of  Part  111  la  cm, corned 
wl  li  fi'iiginoiiimh.n  and  dmmiKo  Mfndica,  hi  thin  Hold 

,  "V1’/  MT?’  'VIIM  duvolo|»*M|  |,y  tho  Urltlah,  who 

»Ih"  "hinliiod  liiipnrlniit  oxporltuontal  roan  I  (a  ron. 

,  I««fCHH'litnllort  fiiui'iictoiiatloH  of  hIioIIh, 

I  lie  land  imod  H.HIhIi,  Army,  Navy,  and  0SH1) 
ropmtH  IIH  thoHouivo nf  Ita o.xporlnioiital  liiforimitlmi 

ItH  own  onntrlliiitlonwaH  In  ilovolopliigimn lyt, leal  mid 

. .  "idol,  wore  fonalhlo  In  point 

of  fimi'  and  n  applying  tlicao  prnooduroH  to  aoloohal 

,mi''  "f  tlw  mtrk  Itfrfmwwl 
H  .“".‘J  1,1  ,l7  WHH  ni r Hod  out,  hy  tho 

mi  o  i  '  1 '"I" mi'll,  wlioro 

Milton  I1  lied, mm,  AnnocIiHo  Dlrootnr  nf  tho  Clnmu, 

I ioo«, mo  an  export  In  tin,  Hold  ami  aorvod  a«  commit ' 

,u!  "  ,,(l;  »"iny  Army,  Navy,  mid  OHItl)  gmupa 

wiiloli  had  frcpiont,  oo,,«h|o„  to  aook  lila  urdatimoo, 

Ottr  majoi  ropnrt  in  tlila  Hold  waa  propawl  l.y  tho 
Applied  Mat  honml lea  droop  at  llrown  Uiilvord’iy. 

loommo  ao  imioli  nf  tho  work  rofiortod  In  tlila 
ynhiim,  waa  enmwtmd  with  oipilpuamt  dovdniwil  hy 
.  '  '  ,H’ rnw,w  In  tlila  auhjwt,  will 

nlJi'i  .  Hmnnmy  T‘wl»r«l«,'tl  Hoport  Of 

uix  Ishm  ,  Mir  a  dlaoiiNahm  of  tho  diamot«rlnUoa  and 

|i.  hi, ago  ni'  dovolopmont  of  alrhorno  radar  ftro 

mmfro!  ayatoma  and  rolatod  prohloma  a„oh  aa  tho 
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SUMMARY* 


Iv  this  rtitmnmiy  Technical  Kcport  of  the  Applied 
Mutlmmat |c»  Panel,  u  itfsniiHt  Is  given  of  Mm  pHn- 
»lp»l  Mentltle  neimmpllshnmnts  of  Mm  Panel  from  II, s 
beginning  In  1043  until  t,li«  eiincluslou  of  hosMHtles, 
The  activities  Imre  reported  cover  a  will*'  range,  tloiil- 
lug  us  they  <lo  with  studies  undertaken  nt  Mm  reipiest 
of  ouch  of  Mm  nineteen  Division#  «r  NDliC  nml  of 
niiiuy  hrmmlm#  of  Mm  Army  tun  I  Nnvy,  For  Mm  pu  r- 
l»iw<>  of  Mila  report,  Mint  port  Ion  of  tlm  Punel'a  work 
"'lot'll  deals  with  speelllc  military  problems  has  Imi'ii 
divided  Into  three  porta, •  Volume  I,  Mn Ihmmtienl 
Shulu'n  iMnh'ttfi  In  Mi  Mint/  l,hy»u'nl  Itmni'rh; 
Voloum  2,  Aimlylii'nl  Shnlivu  in  Anini  Wnrfmr;  unil 
Volume  Jl,  PnMdily  nml  Slnti'ulmil  Slmtirx  in  H’ar- 
fnr<<  Amitf/m*,  In  addition  to  report  lug  on  spccHIc 
milltnry  problems,  Volume  I  tilao  lotlirttli'H  direction# 
In  wlili'h  i'i'i'IhIo  of  the  I henries  of  llulil  dynamics  have 
I  "'i'll  extended  niiili'r  AMP  auspices  ua  mi  nlil  In  Mm 
planning  mid  lufcrpri'lulinii  of  milltnry  expcrlmcnfa, 
noil  In  understanding  tlm  opi'rntlon  of  I'lmmy 
weapons,  Timm'  Mini'  volumes  coiitulii  no  imi'oiiiil  of 
tlm  new  developments  In  Hint IhI li'iil  methods  which 
ll'ivc  nlri'iuly  I  ii 'cu  purl  tolly  report  ml  in  n  published 
nrl  li'lo  1  ninl  n  pitlillNlmil  lunik  *  on  He<pmntlul  analysis, 
nor  of  ccrtnin  Important  new  nppllenUon#  of  statist |. 
cnl  theory  wlili'h  grew  out  of  tlm  Punel'a  id tninpi  to 
mil vn  problems  presented  In  It  liy  tlm  Morvlces,  These 
loiter  me  report eil  In  two  published  monographs, 
Snmiilin (i  tuHiHvliun  ninl  Vn'hnh/nv a  nf  SI ntixtiml 
Aunli/ai*  (published  by  MeCIrnw-llllh,  which  Imve 
lieen  pli'pureil  mnler  I’nucl  tumplccs  ninl  which  form 
purl  nl  llie  Panel's  report  of  it h  Icchulcnl  imtlvlilca, 
Moal  AMI*  atuilli'N  were  eoiicerneil  with  llm  hit* 
pcovenieiil  of  Hie  llicori'llcul  neciirncy  of  equipment 
hy  Hilltnlile  changes  In  design;  or  with  the  develop- 
lueul  of  I  male  theory,  piirllcnlioly  In  the  liclil  of  Until 
(lyintlllleai  or  with  the  heat  time  of  existing  eipiipomut, 
purMenlnrl,v  hi  Helds  like  hoiiihiug  noil  tlm  liiirrngo 

>•**"  'if  roeketM,  Two  alodlea  eurrleil  mil  . .  AMP 

liiiaplcca  come  closer  to  liiivlug  geiierul  tncllcnl  or 
at rntegln  scope  thmi  *lo  mow!  of  the  other  work,  I 
Imve  myself  given  mi  uccoimt  of  these  two  studies  In 
Port  IV  ol  Vohiiiie  2,  where  1  Imve  ulwn  «et  forth 

. .  Iiieomplete  mill  preliuiliinry  Ideiiw  of  wluit,  n 

geiierul  analytical  theory  of  nlr  wit rf lire  eoiiiil  nml 
whoiilil  eomprlae  nini  some  argument*  for  ninl  ngnhist 
attempting  luconstrucl  and  use  such  n  theory,  I  Imve 
there  Indicated  how  eertulu  activities  of  the  Applied 
Mathematics  Pmiel  mill  of  other  ngeimlew  relate  to  u 
* M,v  WmtfMi  Weave)', 


scheme  for  u  broad  npproiuth  to  tlm  problem#  of  air 
wnifiiw*  nml  of  wnrfnre  In  getmrul,  nml  i  Imvn  pointed 
out  wiiinoiif  Mm  contribution#  wlileh  imiMiomatles  emi 
nntke  to  the  Held  of  national  defenwe, 

That,  part  of  the  PiumPw  work  wlileh  may  lie 
roughly  described  itw  classical  applied  umMiemutlew  Is 
prewenled  In  Volume  I,  Certain  pliuwea  of  thin  subject 
were  developed  under  Punol  miwpleew  mid  adapted 
to  prolileiiiw  of  mill!, my  Interewt,  the  prhmipid 
emphasis  lining  oil  problems  of  primary  coneeru  to 
tlm  Nnvy, 

In  Mm  curly  witigew  of  the  vmr,  eertulu  iieoiiwtle 
eipdpment  eniployeil  lu  submarine  detection  hy  echo 
rmtgliig  iiwd  n  "dome"  n  stmuiil'm-d  convex  wheli 
tilled  with  water  nr  other  llipild,  witch  aw  oil,  The 
prcweimc  nf  thewe  iloinew  emiMi'ii  liili'rfereiii'e  with  the 
dlreetloiml  pul  non  went  out  from  tlm  projector,  mnl 
In  aome  ol  llm  cipiipuicnt  Mm  dlwtiirliiiuce  wax  ex¬ 
tremely  werlonw,  'I'lie  Panel  was  naked  to  study  Mm 
nI t mi t h m  mnl  to  atiggeal  cliangea  lu  the  dotuca  which 
would  minimise  the  dlatiirhuni'ea,  Practical  cou* 
cluakma  were  reached  regarding  deairnhle  malerhda 
and  design  It  wns  found  deairulile  for  practical 
reasons  to  uae  thin  shell*  reluforeeil  hy  alllTeolog 
element  a  aiieli  na  rllia  mnl  I'oiIm  m  tiler  I  hull  In  achieve 
atrength  hy  general  Milekueaa,  Dltlieultles  arising  lu 
dh'ccMon  llndlng  doc  lo  mnmylng  rnflectlima  were 
alao  mmlyaed,  mnl  auggealloua  were  mmle  for  Im- 
pmviiiK  eondltloim,  for  evmuple,  hy  eorriignllon#  on 
llm  Inner  aurfiiee  of  the  aide  walla  of  the  doitma,  Tlila 
dome  alinly  wiia  one  uapecl  of  the  work  In  wave 
propagation  with  which  the  Panel  waa  concerned, 
There  were  ntlmrw,  For  example,  mi  Investigation 
wiia  mmle  of  the  aenll,  Mug  of  elect rotnagiml ie  wave# 
Ity  spherical  ohjeeta  toaaalat  In  tlmiinalyalaof  ainnkea 
mnl  toga,  A  Mindy  of  somewhat  aiiullnr  nnitlienialleal 
elmmeter  (Imt  dealing  with  elect rnimigiietle  disturb* 
mtcea  ruthcr  timn  net  mil  mechanical  waves  lu  u 
lltpildi  WHS  niulertiikeii  III  llm  vopieat  of  the  Fire 
Control  I Hvialim  (Division  7,  NDUC),  which  hud 
under  development  a  predictor,  the  T  2N,  Intended 
tor  uae  w  ith  llm  lU-inin  gun  Tlm  computing  meeliaii* 
lam  iiaeil  l»y  t Ida  predictor  Included  a  sphere  on  which 
were  placed  elect  i  leal  windings  hi  such  a  way  that 
tlm  resulting  Held  was  mm  which  corresponded  to  nun 
simple  dipole  at  Mm  center  of  the  sphere,  Although 
the  theoretical  way  hi  which  the  winding  should  he 
ilisliihiited  on  (he  surface  of  Mils  sphere  was  well 
known,  It  was  necessary  as  a  practical  matter  to 


wrwMAin 


millMilttlll*  14  Winding  ill  Which  tile  tlH'IIH  WOK.  Incited 
in  jtroovm  on  thn  Hplmro,  The  formnlux  remilf  ing  fro|U 
llio  PmiolV  Htisdy  of  t|,i*  prill  (loin  form  n  I, a,  I,  f„r 
liraolioal  uppllmiloim  which  indtHh.  ummeteiN, 
KnlvHnomi.lcru,  and  ilhcciioic  flndorN.  Tldx  rmKlio- 
nnulc.nl  himly  wish  of  erlHeal  importance  for  Mm  flrc> 
mi froi  imsl.riimwii  In  c|ii.,«i|»n,  for  wltlmiif  It,,  It  won 


In  ucmixtle  nil  in'  warfare,  Thn  dependence  of  tf|0 
uporutlnn  of  tliix  device  on  viirlmm  phynlcni  jitimm. 
•’tor*  (for  mcnmple,  Dm  miixn  of  I, ho  hummer)  wus 
HiiiUyiKHl  with  thn  old  of  «,  dimple  inerhwileul  model, 
nrol  of  im  olooirlcul  mining,  Another  problem  of  ihlo 
t',V|m  Nimllod  the  dytttimlex  oft, ho  gim  miullilimtur,  or 

ImpoNNlhlo  to  ol, t,dn  iiNofitf  i k '»>i irm * v  i " t ViV.  ’".""'T  Almy  WIW  mminteil 

"eloetrmnngnotie  receiver’'  whirl,  ‘  r  ir,M  l '  !  ,  1  i,i!  WMi  "f  «»•»  nhlp 

T""  * . .  ««*  "■  r  » . - . - . <-£ 


underwater  htdllNlioN  In  oIno  rep-., Med  hi  thln  Uixl 
volume.  J  ho  I’iiiioI'n  work  In  f/o n  ilyMinm  won  prim 

c  litil'y  cm, . .  with  Ho.  theory  of  e.xpluNlniix  ill  llm 

nil*  mill  it, nic.r  water,  im d  with  onrmlii  axpecix  of  lot, 
mid  rocket  theory,  Now  development  x  woro  no, do  In 

V,"’  H,llf!'v  "f  wl"M,k  HNNooloiod  with  violent 

dlxtnrltniieoN  of  I  l,o  x,,rt  w  Idol,  roNiilt  from  ex,,|„x|o„N. 
At,  intoroNtliiK  mol  Nig/illlcmil  „Npoot  of  the  work  w„« 
enneenmd  with  Mitelt  phonomoi,,,  whirl,  frequently 
Ij'y  11  i"l<’  in  determining  the  deNtnietivn 

onortN  of  NlmrkN  For  example,  llmmlvanlagex  of  ,,1,- 

hurHlhiK  llll'K*.  hl„Nt  hot,, I, n  wore  xUggexted  l,y  ,,  . . . 

Hitler,,  I  Ion  of  Mi, Hi  woven,  A  rocpioNl  from  the  Murrmi 
o!  Aero, Ion  for  aNxMiome  in  the  dexlg,,  of  iimodex 
fur  Jot  motorx  to  ho  „no,|  for  nxNlNtod  mko-off  gave 

Hno  to  ,m  extended  H„„|y  ot  gax  How  In  . . Ion  „„d 

m,,'"r7"  "  "»N  J"'1*'  Ah n  roNMlt ,  xnggexl  Io„n  wore  mode 
not  only  for  t lie dexlgt,  „f  immsjox  for  Jet-nxx|N|ed  toko- 
"IT,  hot  nine  for  "perfect”  cxhmtxl  Comdex  ool  com- 
proNNorn  (of  i,no  In  Niiperxoidr  wind  tin,,, elx)  „„d  for 
yiiriotiN  liiNtnnnoiitN  to„id  In  rocket  dev,  iopmeni  „„d 
experimental  i„n,  The  jot  propnlNloti  Mir  Ilex  wore  re 
hitod  to  Army  tool  N„vy  ItitrroN,  In  Inter, „|| jot 
ol  the  \'  I  typo,  ,lot  t,ro|,„|«|o„  under  wilier 

won  "In" n( Hilled,  with  reN„ltN  whirl, . .  prove  i.no- 

'"I  MN  „  Kilhie  to  experiment  j„  |  h|M  Held  where  ex|ieri- 
ntenlntloli  Imx  M.iin  for  tml.  re„rl,e,l  the  Mag,.  where 
the  IlMHirellinl  re«tilM  cm  ho  fully  p„|  ,o,o„|, 
i  lie  pruhlemN  In  mirhunitu  full  under  two  general 
w/l, III, kh!  (I )  Miono  Involving  the  inerlmnleN  of  pm- 
l","1  i'ndh'H  „„d  (il,  tin ini<  Involving  the 
merhnnleN  of  „  r„»i,ln,„„„.  |’0,  example,  „  Mmly  In 

''"‘"“'"'.V  m"Hk1h  poNNlltle  expImuitloliN  of 
I*'"  Inx'Mk-itp  In  rylln drirnl  powder  grain*  In  the 
I  Mn  I't/ekel  to„x|,l,iii,  dllllridileN  which  were  I, dug 
encountered  lit  the  Alleguny  IlnlllNtleM  hulmrutorv, 
''^IH'rlineiiinl  program  w„n  outlined  f,„.  t he 
enllng  ol  il,e  iuon,  proimhje  flmnrloN, ,  hie  of  ti,r  iuon, 

iitieix.Ni ing  of  i|„.  inerlinulrnl  NtudleN  . . .  the 

Hiwiillttd  HpritiK  hnminor  I, ox  ttMed  |,y  tin  if,  h  Nitvy 


piiiiMeH  In  the  motion  „f  the  project  He!  the  jin|„uct 
fihttHc,  the  development  of  the  cavity,  und  the  tinder- 
w  iter  t mjeriory,  I  luring  I  lie  Imp, mi  piume,  fnreeN  net 
whirl,  „re  Imperii,, it  partly  heemiHe  of  their  p„nn|I,I„ 
efliH'ix  ot,  tin.  „on,<  Ntrurtitre  and  merlon, Inid  of  11, e 
piojertlle,  partly  hormiN,.  of  their  inflnetme  in  delrr- 
mlnliig  the  proJertile'N  Ni|hNe,,„r„t  motion,  Ji  In  ,|,ir- 
lug  f'he  In, part  pliUN,*  that  the  greHteNi  dereiemtion 
1/ri‘iirN,  The  li„mret,lr„|  uualyNiN  InvolveM,  among 
utiiliy  other  roiiMhlemtlimN,  the  dlrertjon  of  entry 
(verMral  or  olillipte),  and  the  nI,„|,o  , if  (hr  projectile. 
Nave  when  the  Npood  of  a  mlNNile  In  slow,  I(h  ontry  In 

. . npnuled  liy  the  formation  of  „  ravliy  whleh  hm 

J'nnnw  Healed  hclilial  the  projectile  and  ueennipaidc-N 
it  I"  n  greater  or  Ionn  extent  during  llw  nmlerwater 
Hint  Ion,  It, Hue/, ring  t  |,t, I  motion  In  „„  Important  way. 
llm  underwater  trajectory  itwelf  preNCtM  prohleuiM 
"I  great  complexity,  IV»h(i,c„I l.v,  Nllgld  rlmugCN  It, 

v„I""n  ot  tlmpariuneterN  which  deter, nine  the  mot  Ion 

Will  rfiiiN,.  a  complete  change  In  ||,o  type  „f  tnof  j,,n. 

\  ini'H, emallcil  dlHerlmlnnlloi,  muexg  the  Never, d 
lyp/'N  of  motion  ix  made,  part  of  the  dlHiitict inn  ,|e- 

peiuling  0,1  Nitrli  t IdagN  ax  ,1m*  . . .  ||,e  center 

Ol  Kmvliy  of  the  mlxxlle,  the  rath,  of  Iix  length  to  llx 
diameter,  |tx  /leuxlty,  Itx  radlttN  of  gymthm,  mid  the 

. . .  ul  ,|M  Tlo'ouglmiit  tli lx  treatment,  an 

uMenipl  I  hi  n  I, ret,  made  to  integrate  Into  a  xlngle  ro« 
(Hir,  tlm  remiltx  whirl,  have  heel,  uhtjiined  l,y  |jm 

".'""•v  . . merited  will,  the  w.veral  phuxex  of 

llM' .  "Mli  10  k"hI»i  ill"  llmoretlral  ami 

experimental  xtudlex  which  tnuxl,  l,e  ranied  forwui'd 

*■*"««'  "M/.mptx  to  iinderxtaud  M, lx  dllllrult  ttm,y 
ol  prohletux, 

.Ninny  of  the  xtudlex  reported  lit  Voltnnn  a,  ,tx  well 
"H  ''nntuhmd  In  Volume  II,  Involve  prohahlllty 
rotiN  deratio, ix,  „  field  whirl,  In  tmlorimntily  tricky  anil 

"  . . .  Ncixe"  In  nften  quite  Imlplexx, 

01  "uiniplr,  Wluit  In  the  optimum  mixture  „f  artrmr* 
piercing  ami  Incendiary  mmiiimlllnn  for  the  reur  gun, 

</l  a  Immlmr?  Hpctr|f|ruilo„N  nften  dexlgnnte  xtteh 


rnNKIIWNTIAfi 


} 

J 


T 


nummary 


0 


mixture*  an  II  vo  A  I*  to  two  Incendiary  (wo  uro 
neglecting  truooes  how),  Why?  Tho  somewhat  strlk- 
ntnl  by  no  mean*  obvious,  fuel  In  Mint,  given  hhv 
flxtMl  typo  of  target,  It  In  hotter  to  have  either  nil  AP 
or  all  Inenndlnry,  depending  on  tho  nnhirii  of  tho 
furgot,  Tho  Justification  for  any  other  Intermediate 
mlxtiii'o  should  1)0  based  on  knowledge  of  tho  relative 
probability  of  encountering  different  targets,  certain 
of  which  would  ho  mow  viilnomhlo  In  AP  uml  other* 
mow  vulnornhlo  to  Inoomilnry,  Thin  oonohiNlmi  was 
ronoliMil  hm  hii  Incidental  result  of  n  study  whlrli  was 
eoiiroriiod  with  nltonmtlvo  flgl.ler-phum  nrmnmont, 
uni!  wliloli  arose  out  of  tho  ontlmxIuMm  of  n  few  itot- 
wiiN  associated  with  tho  Psmol  for  two  napi-rs  at¬ 
tributable  In  f,,  II,  <j,  ('unidiiglmm,  Chief  of  tho  Air 
nrlitro  Analysis  Mortem  in  Knglinid,  und  Ids  as- 
soolatc*,  Amdhor  Ntmly  oonoonmil  with  tho  practical 
"f  wpilpmotil.  grow  out  of  n  repent  to 
NUIIC  from  ltondc|unrtor*,  A  AT,  asking  for  rnllahu- 
rulloii  with  tho  AAF  "In  dotormliilug  the  most  of- 
footlvo  tuol Irnl  npplleiitlon  of  tho  H-211  nirplnno." 

I  ho  roNiillN  of  thin  Ntmly,  nhfiiliicil  on  tho  IiiihIn  of 
Iftrgo-Noido  experiments  In  Now  Moxlc.i  and  smell- 
nohIo  nptloid  experiment*  hy  tho  Mt,  WIInoii  Oh- 
Horvntory  NtnfT  at  PtiNiuloim,  wore  eunrorned  priori- 

pally  with  tlm  defensive  strength  of  single  H  2(1'*  and 
of  wpiiidronN  of  H  20'n  agidiiNt  flgldornttnok  imd  tho 
effectiveness  of  tighter*  ngaliiHt  II  Ono  Indirect 
roNiilt  of  tho  optical  MihHon  won  a  set  of  moving 

plotiiroN  allowing  tho  Hr. . .  variation  of  forma* 

thorn  i in  a  llghtor  circles  ahoul  thorn.  ( Warning  niicIi 
plotiiroN  tho  I’roNldont  of  tho  Army  Air  Forces  Hoard 
romarkod  thatho'-hollovod  (hoNomotlnii  |i|eturosgnvo 
tho  I  tout  Idea  lo  idr  men  im  to  tho  rolutlvr  olToot  of  lire 
powor  about  a  formation  yot  |iroNontod,"  (Vitalii  of 
thoNo  pictures  worn  flown  to  tho  MurlamiitN  mid 
vlewixl  hy  tlniiornl  FoMay  mnl  hy  numv  ginmorv 
ofllcor*  at  tho  front, 

TIiono  two  NtudloN  urn  roporlod  In  the  hint  part  of 
Volmno  2  Tim  first  tliron  pnrtN  of  thl«  volimie  report 
on  special  mol  detailed  prnhlmiis  whirls  ml,e  w|„.|, 
nIioIn  arc  flrod  nguliiNt  turgrtH  moving  in  tho  air  nr  on 
tho  ground  Tho  prnhlom  of  Nhontliig  rnan  an  alrrml  t 
In  mutton  n-iciiltiNf  -  mi  otjt’tjiy  it  I  r<*rn  f  t  nr  u^n  liint<  iv 
griamd  (argot  hi  motion  and  (hr  prohlrm  of  shooting 
from  tho  ground  or  from  a  naval  rrnft  ngahiNt  an 
onomy  alromft  all  Involvo  a  nnmher  or  ronxhlomtlotiM, 

I,  Whooovor  tlm  t argot  In  In  million,  Hn  posit  hm  at, 
tho  mutant  of  filing  In  different  frum  hn  position  at 
Impact,  If  hnpHot  urnirN,  For  an  offootlvo  «lud,  tlm 
motion  nf  tho  target  during  tlm  tlmr  ijf  (tight  njrfl^* 


hidlnt  or  riKikot  or  shell  must  therefore  Im  predicted, 
at  least  approximately,  Tlm  Hpoelnl  olmmotor  of  thin 
Problem  for  tho  apodal  oiindn  which  have  oomo  under 
tho  PiwioI'n  study  are  discussed  for  gir-to-air  warfare 
In  Part  I,  for  rookot  fire  from  tlm  air  In  Part  II,  and 
for  ground  or  ship  IiunoiI  antiaircraft  fire  In  Part  HI. 

2,  When  one's  own  whip  In  In  motion,  the  apparent 
motlnn  of  tlm  target  In  affected, 

3  There  are  oNelllnthaiN  In  aim  m  tlm  gunner  at* 
tomptN  to  point  oontimiouNly  at  tlm  target,  Those 
osolllatloiiN  mo  greater  In  air-to-air  and  In  shlp-to-alr 
than  In  ground-to-air  gunnery  lieeaiiNO  of  tlm  vilira* 
IlmiN,  rofaflotiN,  anil  humpy  motloiiN  of  one's  own 
ship, 

■I,  There  is  flic  effect  of  gravity  on  tho  hullet,  In 
air-to-air  gimnory,  for  tho  short  ranges  used  In  World 
War  II,  tills  was  of  minor  Importance,  hut  fur  rookot 
fire  It  Intmdiicod  very  ooiinIi  local  do  complications, 

^  A,  The  resistance  of  the  nli  varies  with  tho  altitude, 

1  tins,  at  22,000  toot  above  sea  level  the  air  Is  half  its 
dense  as  It  Is  at  soil  level,  This  will  affect  tlm  average 
speed  of  a  hullo! ,  lienro  Its  time  of  flight,  ami  hence 
tlio  prediction  referred  to  above. 

A  large  part  ol  Volume  2  Is  devoted  to  problems 
Conner  I  oil  with  sii-rallcd  flexible  gunnery,  l,i>,,  with 
tlio  aiming  of  those  gnus,  carried  on  aircraft,  which 
can  he  pointed  lit  various  directions  with  respect  fcu 
tlm  aircraft,  (as  coiitrnstod  with  fixed  guns  In  tlm 
wings  nr  nose,  which  are  aimed  only  liy  movement 
of  tlm  aircraft).  In  .binmiry  HIM,  Hrlgmller  (feneral 
Hohert  W,  Harper,  AC  YAH  (Training),  wrote  In  a 
letter  to  l)r,  Vanneviir  Hush,  Director  of  OHIID,  that 
"the  problems  coniiccted  with  llexlhie  gunnery  are 
pi'olmhly  the  most  rrltleal  Imtng  faced  hy  the  Air 
Forres  to-day,  It  would  lie  difficult  to  iive'rstate  tlm 
Importance  of  this  work  or  Mu'  urgency  nf  the  mieili 
the  defense  of  our  bomber  formations  against,  fighter 
Interception  Is  a  matter  which  demands  Increasing 
eonrdiirdod  export  attention."  This  situation  arose 
because  nf  tlm  inndciputfc  training  and  Inadequate 
deHeetloii  rules  given  to  the  gunners  who  had  to 
Inmdle  ting  sights  In  hnmhers,  Tlm  "relative  speed" 
and  "apparent  motion"  rules  currently  taught  wore 
not  thoroughly  learned  icy  the  gunners  und  in  many 
eases  were  hy  no  means  ndoipmto  when  I  hey  worn 
properly  applied.  There  were  well  nut  Imut  leuted 
rases  of  gunners  who  "led"  the  attacking  lighters  In 
a  direction  exactly  opposite  to  that  nf  the  true  lead! 
'nmlmmedjnto  proposal  contained  In  (leuern 
as  that  the  Applied  Mathematics 
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1  unci  should  recruit  and  train  competent  imithc- 
irmMelanK  wim  hud  Mm  "versatility,  pmeMeiillty,  and 
personal  iiilaptidillity  reiiulsito  fui*  successful  service 
ill  Mia  field  i”  It  will!  planned  Mint  these  moil,  after 
two  months'  t mining  in  Mila  country,  would  ho  as- 
algtmil  In  the  Operations  Uchp/uvIi  HooMouk  hi  the 
various  Mum  tom  to  devote  their  attention  t,«  aerial 
mtxililfi  gun  may  problems,  Tim  Pniml  was  In  n  posl- 
Moil  to  carry  out  Mila  program  hermiao  ||  had  nlmiuly 
hwai  drawn  Into  studies  of  rules  fur  flexible  gunnery 
t mining  noil  because  it  Imil  iicccnh  to  niiiny  of  Mm 


nnloMl  young  mntimiimtleinns  In  the  oouutrv,  Tim 
assignment  was  completed  promptly,  mid,  as  u 
fiiitthd  result  of  (hia  undertaking,  Mm  |»,uml  fniuid 
lta«il  even  more  oloaoly  In  tnimh  with  tlm  Operiifimts 
Analysis  Division  of  tlm  A  A  I1’  (with  which  it  had 
already  nnfnbllsliwl  cordial  working  relations)  mid 
nlth  tlm  A  A  I1'  (Vntml  School  tar  I'Vxlhlc  (hniimiv, 
Amiiud  (Ida  Interest  mid  tlm  internal  of  the  Armv 
the  Nnvy,  Dlvlalon  7,  mid  Dlviahm  tl  In  the  ho' 
fu'oveineut  In  the  elTeellveimaa  of  goes  na  woli  na 
giiuuery,  grew  ti|t  n  very  eniialdomhle  hotly  of  kunwl- 
edge  mid  experience  which  la  reported  In  Part  |  of 
Volume  2  I lere  mi  ut tempi  la  nnide  to  l.rhig  together 
Into  ii  alnglc  ueeount  the  alnle  of  the  ml  of  air-to-air 
gunnery,  tint  only  na  Mini  Ima  I  men  nlTeeletl  liy  the 
work  of  the  Applied  MnMiennillea  Prnml,  tail  us  It 
luia  reflected  llm  neliv|l|c«  of  ngeimlea  In  llila  country 
Hiitl  abroad,  I’he  toplea  illaeiiaaed  lire! 

1.  Tlm  mol  Inn  of  it  prnjecMIc  from  an  airborne  gun, 
I'onatlliithig  Mint  hrniieh  of  exterior  balllaMcs  which 
la  culled  oiTolinlh'Micu. 

2.  A  Hint  I  lentil  tlen  I  theory  of  <lv  fieri  wo  Mmoting  eon 
aidered  llrat  for  the  cuac  of  u  forget  moving  uf  eou- 
aliuil  speed  mi  »  straight  line  which  Ilea  In  „ 

with  Mm  gtiii-nioiiiil  velocity  vcdori  aeeontl,  for  n 
Inrgt'l  which  movea  lit  h  curved  pmltj  uml  ililni,  f,u 
the  t'liae  where  mount  uml  target  move  hi  nrliltrmv 
spare  piitha, 

f‘l,,'MI,it  cim<c  theory,  I’urault  enrvea  were  hit- 
portmit  In  World  War  II,  alnee  the  atmtdurd  lighter 
employed  u  heavy  battery  of  guns  an  lixed  in  the  nir- 
emlt  (IN  til  lire  aenalhly  In  the  direct  Ion  of  (light,  Tims 
It  WKa  ni't'caaiiry  In  II, v  tm  aiieii  n  eurreelly  hmiked 
turn  that  a  correct  uml  ehiiiigiug  uiinlag  allowance 
wtia  continuously  made,  This  purauit  curve  llmtirv  la 
M  » V  .t'l  ,MM"’  1,1  ,lt"  «Mldy  nf  guided  missile* 

which  eontluuiiiialy  change  direction  under  radio, 
imnna'le,  nr  optical  gultlmiee  tniwllllugly  supplied  hv 
the  target, 


4  The  design  mid  olmnicf  eristic*  of  mm-*pwt 
Mghitt  which  were  Introduced  na  devices  designed  for 
Mae  it gul nat  the  Hpoelnl  cnao  of  purauit  carve  nttuck 
on  a  defeat  I  lag  htmdwr,  Simple  chart*  which  might 
he  used  in  f  lat  nlr  are  given,  baaed  tin  optimum  rules 
ftir  determining  dnlleetlon  it  gainst,  an  aerodynamic 
purauit  curve, 

A,  Lend  computing  night*  which  do  not  usaumo  that 
the  fighter  la  coming  In  an  a  purauit  curve  hut  which 
1  >aalcu  I  ly  itaauum  that  the  target 'a  track  relative  to 
tlm  gun  mount,  la  caaeniliilly  straight,  over  tlm  time 
til  flight  ol  the  bullet,  The  mechanical  nights  nf  the 
Nperry  aerlea  are  rnnnldcrcd  In  some  detail, 

ti.  Tile  Ititslr  theory  of  a  central  Motion  fire  control 
eyMcoi, 

7,  'I'lie  nmilyt  leal  aspects  of  experiment  ui  programs 
l"r  touting  oirhornc  fire  control  equipment.  It  la  recog¬ 
nised  that  Held  teata,  laboratory  teals, ami  theoretical 
mmlyses  ali  have  an  Important  place  la  such  a  pro- 
gram,  Instrumentation  for  tests,  rediictlnn  of  data, 
in  on  a  urea  nf  elfectlveneaa,  and  optimum  illsperalmi 
are  dlaenaaed. 

N.  Xew  development*,  such  as  stiihlliimtiou  and  tlm 
use  of  radar, 

. . .  part  of  Volume  2  la  devoted  largely  ton 

(ircaeiil/iMon  of  the  reanlta  ohtiilued  h.v  the  Panel  In  n 
study  Intended  to  determine  whnt,  sighting  methods 
are  feasible  for  airborne  nickels,  The  essettMal  proh- 
iema  Involved  in  tlilsipiestloii  have  to  do  with  huiliatlc 
fonmiliiH,  attack  uugic  and  akld,  the  elTcct  of  wind 
oml  target  amtloa,  how  tlieae  varimia  faetors  nrt’oet 
each  proposed  algluhig  method,  end  lion  tracking 
it ff eels  mid  la  nITccted  by  them, 

In  Part  III  of  Volume  2  certain  special  studies  of 
ouMoIrcruft  npilpiimot  which  were  made  under  AMP 
auspices  are  dismissed,  uml  a  report  la  given  of  the 
fink  a  not y Kir  ami  other  fmgmentolian  nod  iloimm 
Moilice  curried  on  by  llm  Panel,  This  report  Is  con- 
eerned  nit  It  some  mat  hemal  ieal  prohluma  which 
arise  III  attempts  In  eatlmuto  the  probability  of 
damage  to  an  alreral't  or  group  of  aircraft  from  one  or 
many  abuts  from  Imnvy  mitlnlremft  guns,  Heiated 
problems  arise  in  air-to-air  bombing  and  hi  air-to-air 
K'"'itid-to-iilr  rocket  lire,  hut  the  major  part,  of  tlm 
nmllmmittieai  auulysls  so  far  performed  has  been 
devoted  to  problems  of  link  risk,  The  emphasis  hi  tlm 
dlaeiiaalou  la  on  tlm  description  of  it  method  for  tron!- 
lug  problems  of  risk,  since  specific  unumricitl  con¬ 
clusions  are  likely  to  Imeome  obsolete  before  further 
need  for  them  arises,  while  Mm  tcrimhpm*  by  which 
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Mio  rexidix  were  nhlitlnnd  will  be  uxeful  a*  limp;  m 
weapon*  which  dnxtmy  by  of  flying  fragment* 
itfo  in  uxti,  Tlic  original  ox|ierlmentid  Information  on 
wltlt  li  flip  Panel  coinputnlionx  were  baxml  I'n inn  from 
H  vnrlety  nf  miiireex,  principally  Army,  Navy,  USUI), 
mill  Hiltlxh  report*,  Tlm  Panel*  chief  cimlrlhuthm 
"’it"  Hin  development  nf  i<<mi|>ntnth>md  tnchnlqiMx 
whhth  i-oii Id  (in  carried  t  li  rough  before  flit'  project  be- 
cinup  ohaolete,  tho  noIi'i'Hiiii  of  pertinent  examplcx, 
nml  Hid  npplIcnMniix  nf  tint  I'lihipiiteUonid  loelmiqiicx 
to  tlin  xeleeted  exninplex,  ( -drill! n  nppllrntlmix  of  tho 
underlying  tlinory  tn  llmiwfimed  mul  prnxliiilty.fimod 
hIioIIn,  mul  fn  proxlnilly-fimi'il  rocket*  are  hori'  r?<* 
portdii, 

Anot lint'  major  Hold  of  effort  In  t In*  work  of  tho 
Pimol  lx  thnl  nf  Mnllwnmlintl  Shr  Vex,  reported  In 
Viilinuo  ;>.  A  ri'imirknlily  wldn  vn  .  ,i  -if  prnlinldllty 
nml  xtii I  Ixtlcai  lhvm.tigutl.inx  wu>,  ctm'lcd  nut  by  tho 
1’iuii'l,  TIiomo  Invent  IgatliniN  ranged  fnini  tho  dnvnlnp- 
iiiditi  of  xnmpllng  iiixpoot  loti  pluiix  In  I'omidoi  Inn  wit  h 
pn  ini  roil  lent  of  nillltnry  imilnrlnl  to  exlcnxlvc  ato- 
tlxtloid  tmnlyxox  of  combat.  dn tn.  Of  the  Piuml'x  Hit 
Htudli'x,  M  related  in  priililoniM  In  iirnhidilllty  nml 
xtjil  Ixtlritl  iiuiilvnlM. 


Navy,  mid  NTMtC  group*  Intnrextod  In  bombing  im- 
cmrary  problems,  An  tint  war  progrexxed,  mi  limreaa- 
Ing  iinmhnr  of  requent*  coitm  from  flown  group*  for 
xtudliw  of  all  klmlM  of  ai'ouriii'y  mid  eoynmgn  prob* 
InniM  urixlng  In  train  bombing,  nrou  bombing,  pattern 
boiubing,  giildnd«mi**llc  bombing,  liirmidlnry  lioinb« 
log,  mid  xu  on,  Hy  tint  nml  nf  tint  war  tho  work  In  till* 
Hold  had  grown  to  tho  point  whore  tho  major  offort 
of  three  Panel  rcxcaridi  groupx  wax  lining  xpmit  mi 
nliidtdi'ii  xtuillcN  diudlng  with  probability  and  xtatlxfl- 
diil  itxpdclx  of  bomhhig  prnhlatijN, 

Tlin  nidiliodx  nml  rexiill*  dnvolnpad  In  caingniy  2 
urn  of  imioh  I  m  mi  lor  Intercut  Ilian  that  oxxncluled 
with  tlidlr  wiirthiin  iippllratlonx.  During  tlm  war,  It 
wax  mcugidxcil  by  tlin  Nervier*  that  tlin  xtaUxlieid 
Idi'lniiipidn  wlili'h  worn  developed  by  | hr  Panel  for 
Army  nml  Nr«vy  oxn,  on  the  baxlx  of  Hie  now  theory 
of  xdi|iidiitlnl  nmilyxlx,  If  mndo  generally  avidlabln  tn 
Imlnxtry,  would  improv'd  tin*  i|inillty  of  prmliii'tx  pro- 
dm'i'd  for  tlm  Horvlim  In  Mnri'li  1 0-1  A,  tho  tjiiiwt or- 
maxti'i' ( li'iidi'iil  wroto  to  tlin  War  Deportment  llnlxon 
"Ulcer  lor  NDIff '  a  jot t or  cinilnhilng  tlin  following 
xliitdiiidiil : 


Tho  work  of  tlin  Panel  In  imillii'inntli'iil  xHdixUe* 
ran  hr  gmnpdil  Into  tlm  following  major  cutdgorh'X! 

1.  Numbing  urriirory  nwonri'li, 

2.  limlupmnil  of  MuKuliml  mr/lmtl*  In  lnx|)iij<tion, 
roxonri'li,  ami  development  work 

a,  Di'Vi'hipmi'lit  of  new  Jhv  rjlrtl  tahlrx  and  dln- 
gntmx  for  tlin  Navy, 

I,  M imvIhumuH  xfin/iVx  mini  Ian  to  xpri'inl  nligt  x 
lor  bo'imlo  xo/riw,  four/  uuylmtfm'  nninl  torpnln  at  Ini'kx 
iigiilnxt  inniidiivdi'liig  hIiI|ix,  In  ml  mint  rlnmmv,  |»t- 
Ini'inaiii'd  nl  Imil-hmtuug  ilmret.  «iwe/i  /ini/i/riiM,  verl- 
fldatloii  ol  mmitlur  fumunliug  fur  iiillltary  itiirpoxnx, 
prni'i'diiri'x  for  texting  mi -nil Ivlin  of  w/ilmim,  dlxlri- 
ludloti  ol  ,/opmnw  bnllmm  Inmtingn,  dtc, 

Df  tlidxn  lour  iiiitln  I'lildgnrldx  of  wink,  category  I 
ri'i|iilmd  li,v  for  the  gmaloxt  nun  unit,  of  energy,  fhlx 
activity  had  Itx  hi'glmihig  in  a  I'nlrly  xiimli  xlndy 
iindi'i'l, iiknn  for  tlm  Arimimimt  Dihurntnry,  Wright 
I1  if *li  1 } fin  Hie  dexlgn  of  a  I'ompiitdr  fur  ili'terinliilng  tlin 
0|ltlmimi  xpiw'liig  of  lioinbx  In  a  train  of  Iminli* 
dro|i|ioil  I  mm  a  hmulicr  In  attaeking  n  given  target 
under  xpeelfleil  minillllmix,  The  xtinly  wax  xtarted  In 
HMJ  under  DIvImIou  7,  mid  wax  IrmixIVrroil 

lo  the  Pinidl  wlidii  tlin  Panel  wax  nrganlxed.  In  pur- 
xolng  tlilx  xlndy  the  group  working  mi  It  diime  In 
oohtMdf  with  ludlvldimlx  In  more  Hum  iMlomm  Army, 


iniikiiiM  llils  liifnniml lull  fi vhIIiiIhId  in  (.jiinrh<f*HutMhtr 
i'"ii i rin'ii irx  mi  no  iiiu'ln<«lllin|  tmxlx,  ilu>  mnirrlnl  mm  Im 
widely  iiwit  liy  lliexe  riiiilriii'liii'x  In  llinlr  invn  |iriitx'»x  mini  nil 
unit  ilm  linin'  pnxx'w)  i|iinlliy  mail  rot  I'liiiinniliii'x  axe,  tlm 
lilglier  iianlliy  dm  (jiiiiHeriiiiixii'i'  t'nrim  mm  Im  nmnamil  nf  nil* 
i  it  in  i  mk  In  mi  li*  iniiirarlnm,  l<’nr,  tiy  Hint  Ihiw,  ilm  litntln  miwm 
nf  |innr  nniilliy  l»  ilm  Imilillliy  nf  ilm  amiiiifimlni'i'r  in  rmillim 
"tii'ii  lilx  (in mm!*  lx  fiitlliiK  itim  n  uni ll  Im  lm»  anuli'ii  rnaxlilnnc 
bln  'inmiiliy  nf  iti'fimilvn  liimix. , , ,  Willi  iliniixniiitx  nf  mm« 
li'ni'lnrx  iiimlimliig  ii|i|irnxiianli'ly  lillllniix  nf  iliilhmi  worth  nf 
i'i|al|iamui  micli  year,  even  n  t%  rmhmiinn  In  iletei'llve  iimr- 
clminllxi'  mi  ml  it  rexnll  la  a  grmii  xavlng  in  ilm  cinvi'iiiiimiil, 
Itmmil  mi  nar  I'XiH'i'li'ime  wllh  xm|imiilln!  xainptlng  In  Ilm  (taxi 
year.  II  lx  Ilm  I'niixlilen'il  n| Oitlmi  nf  llilx  nltimi  Unit  xavlug*  nf 
llilx  ni'igalliiili'  mm  Im  iinnli'  tlirniigli  with*  iIImm'IiiIiih I  tun  nf 
xi'i|imiiilnl  xani|ilhig  tii'imeilnri'x." 

Dii  the  baxlx  of  llilx  and  xlinllnr  reijiiexlx,  the 
Pniiel'x  work  mi  xoi|iienHal  nmilyxlx  wax  dei'bixxiflod, 
noil  Hie  I'eporlx  nii'iillnni'ii  nbiive  were  pulillxiiod,  Tlm 
Uiiiirternmxter  ( 'orpx  reporlod  In  Dctober  HHfl  Unit 
at  lenxl  ll,ttllll  xi'| m rale  InxIulliiHraix  of  xdipuaiiliil 
xainpllng  plunx  bail  been  made  and  Mini  In  the  few 
nmntlix  prlnr  lo  the  nml  of  the  war  m»v  IiixIiiIIhIIoiix 
were  being  iinnle  at  tlm  rate  »if  ftUU  m  r  month  The 
maximum  minibor  nf  plnfix  In  o|ieruiloii  xlmiillaiie« 
mixly  wax  noai'ly  1,1100, 

'I’linx  exteuxlvn  uxe  wax  untile  liy  the  Army  of 
«ei|iieiillid  aimlyxlx  ax  n  baxlx  for  xniii|illng  hixpoelion, 
It  wax  id  iliiumipmxl  of  xoveral  Navy  bureaux  Unit 
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the  Panel  undertook  to  assemble  a  nmiuod  sotting 
forth  procedure*  to  be  lined  not  only  with  sequential 
sampling  hut  also  with  Hinkle  and  double  sampling 
plans  An  nn  extension  and  expansion  of  tldn  manual, 
the  Panel  undertook  the  preparation  of  Ita  mono* 
graph,  Sampling  Imimtim ,  The  monograph.  Tech¬ 
nique*  of  Slntietiml  A  nnlyti*,  present,*  a  variety  of 
statistical  mothisls  whieh  have  been  developed,  or 
adapted  from  more  general  method*,  for  dealing  with 
various  statistical  problem*  wlileh  have  arisen  In 
eonneetlon  with  research  and  development  work. 

The  work  done  In  category  3  was  of  highly  special¬ 
ised  long-range  Interest  to  the  Office  of  the  ('on>- 
mander  In  Chief  of  the  IJ,  H,  Fleet,  After  the  work 
had  been  carried  forward  under  the  direction  of  the 
Pane!  for  nearly  two  yearn,  arrangement*  were  made 
to  transfer  and  continue  the  work  under  a  contract, 
effective  June  J,  tlUft,  bet  ween  the  Navy  and  Prince¬ 
ton  University,  During  the  time  thin  work  waa  under 
the  Panel1*  direction,  a  eerie*  of  nine  basic  report* 
WHNMiibmltied  to  the  Navy,  None  of  (Id*  work,  whleli 
wa*  only  partially  completed  under  the  direction  of 
the  Panel,  I*  reported  upon  In  the  Panel’*  Hiimnuiry 
Toehnleai  Heport.. 

Certain  of  the  *todle*  In  category  4  are  of  *»eh 
limited  Internet  that  It  lm*  been  considered  neither 
appropriate  nor  worth  while  to  report  upon  them 
here,  Account*  are  given  of  the  work  whleli  relate* 
to  torpedoes,  land  mllio  elenrance,  and  the  perform* 
unee  of  hent*homlng  device*, 

An  Important  adjunct  of  the  probability  and 
atatlaticnl  work  of  tbe  Panel  wa*  a  Mhitl*tlenl  con¬ 
sulting  service  for  vnrlou*  Army,  Navy,  and  NDHG 
agencies.  on  Hough  *ome  of  tld*  eoimultlug  wa*  done 
In  connection  with  formal  AMP  *tudle»  and  project* 
In  Much  away  that  the  mailt*  are  adequately  reported 
In  original  Pond  report*  or  the  Panel's  Hnmmary 
Technical  Heport,  n  large  fraction  of  It  was  Informal 
and  the  results  of  It  ore  to  be  found  In  report*  nnd 
mrmoraoda  of  ninny  agenele*,  particularly  Dlvhdon* 


2,  ft,  8,  and  1 1  of  NDROj  Joint  Army-Navy  Target 
(Irotip,  Army  Air  Force*  Hoard ;  Proving  Ground 
Gonumuid,  ICgllu  Field,  AAF;  Operational  Analysis 
Dlvlwloii,  Twentieth  Air  Force,  AAF;  Combat  An- 
aly*i*  Unit,  Htatlstleai  Control,  AAF;  Office  of  the 
(Juarterinaater  General ;  Navy  Air  Intelligence  Clrmip  j 
Navy  Operational  Research  Group;  and  the  Guided 
Ml**lle  Committee  of  the  Joint  Chiefs  of  Staff, 

Men  from  several  of  the  Panel’*  research  group* 
acted  a*  consultants  to  these  various  agenele*  for 
period*  ranging  from  two  months  to  two  year*,  In  my 
opinion  mime  of  the  most,  useful  service  which  the 
Panel  wa*  able  to  rciulnr  come  about  through  the 
work  of  iboHe  men  In  their  capacities  n*  consultants; 
the  effect Ivenew*  of  tin*  work  Increased  constantly 
unt  il  the  end  of  the  war,  The  work  of  these  men  varied 
widely:  assistance  In  setting  up  sampling  Inspection 
plan*  for  procurement  of  matftrlel,  helping  In  the  In¬ 
troduction  of  a  quality  control  system  in  rocket  pro¬ 
duction,  working  on  design*  of  experiment*  for  toxic 
1  go*  bombing,  tenting  controlled  missile*,  cooperation 
In  tbe  preparation  of  no  Incendiary  manual,  and 
dnacn*  of  other  project*. 

I  cannot  leave  tbe  topic  of  mathematical  statistic* 
without  emphoslRlng  the  powerful  yet  severely  prac¬ 
tical  role  which  till*  relatively  yoong  branch  of  ap- 
plled  mathematic*  ha*  played  In  the  work  of  the 
Panel.  The  tool*  of  the  prohuhllltist  and  statistician 
havo  been  applied  to  an  almost  unbelievably  wide 
array  of  problem*.  Probability  annly*l*  played  a 
fundamental  part  In  a  priori  Investigation  of  various 
kind*  of  weapon*  and  taetle*  studied  by  the  Panel. 
A*  tbe  war  progressed  and  these  weapon*  and  tactic* 
were  tested  at  the  proving  ground  and  tried  out  In 
combat,  the  nnaly*l*  of  the  observational  data  ho» 
ennui  primarily  statistical,  Tbe  work  of  the  Panel 
surely  indicate*  that  the  Army  and  Navy  will  tin  well 
In  tbolr  research, development, and  testlnguf  weapon* 
and  tactic*  to  see  to  It  that  the  bail*  of  the  motho- 
mnlleal  statlstlclmi  are  not.  overlooked. 
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1.1  inthomictioin 

TIIW  l>IMlT*H|f'N  Ilf  !  Ill*  milt  It'll  Ilf  project  lll'M  fil  l'll 
I’l'uin  mrbitrnr  kuiin  fmiMt It ii f <>h  ii  modern  iimni'li 
ill  extcrlnr  ludllHtlcN  which  imiy  tpilte  properly  |n> 
I'liHwl  Ofvolmiliulm.  Certnln  i>hhi<hi Ini  poliitN  of  dlf- 
lereiice  1 1* 'I  ween  i'IiimmIi'iiI  exterior  Imlll.-Hlcc  mid  nero* 
IhiIIImIIi'pi  lire  I'onNldercil  tii'imv, 

*.  Tim  miikcn  employed  In  im'i'iiIiiiIIIhIIi'n  him* 
I  Him  hIidim  i'otn|mi'i*i|  with  the  imixliiiiiin  nlTt-i'llvi' 
hiliKi’  nf  (In'  projectile,  During  WiiHi I  Win-  ||  i lii'ni' 
riittKMH  were,  III  u'l'iii'i'til,  nil  grout  er  thou  I, (MM)  yd, 
I’  u**  Mil'll  I'll  I  IKON  tlsc  o  If i 'Hn  of  changer,  In  di'llNlly, 
!ciii|)i'i‘iil ore,  mid  wind  idniiK  llio  Iriijoetory  me  negil- 
nil'll'.  Mullet  di'lfl  imiy  iiInii  Ih<  neglected  Hlui'i'  tlm 
projectile  vi'lui'lly  di ii 'n  uni  I m<i>i Hue  hiIinmiiIc,  die 

ri'NlNlMiioo  . . .  l»y  the  Inillot  In  |1I0|H>|I IiiiiiiI 

In  llm  dii'i'i’-ludvi'N  power  of  I  lie  h|h  •««(!,  mid  I  millet  tn 
liil’lilillilM  foi'  tlm  trajectory  imiy  t heretioe  Im  written 
"id  In  i'll  wil  mid  i'oiii|ini't  fiinii  lo if  m|k hi  in iikon,  tlm 
t reject  nr, v  In  relatively  lint,  no  dm?  ctiiiMidi’riidnii  of 
Niiperelcviitlou  to  iillow  for  Ki'iivliy  drop  In  of  minin' 
liutii  ii'tuiiee, 

It  Hill  lie  ]  ii  dll  I  ei  I  nut  tlmt  a  moving  target  limy  lie 
lilt  til  Iiiiik  I'Iiiiko  al"  ii«Iiik  ii  hlgld,\  iil'oliod  Irnjcelory, 
iin  well  iin  uf  nIioi’I  rii i>Ke  with  ii  tint  trajectory,  Hut 
dm  dlllii'ltlly  In  predicting  die  (loNldoti  of  the  linnet 
ovi'r  ii  Ioiik  lime  ot  IIIkIiI  uf  the  projectile  mid  the 
liisici'imiey  In  |«im|||<iii|iik  ihi  iili'liorne  kiiii  rule  out 
liitlK-l'iuiKe  fire,  In  iiddltlou,  the  reiuuiuluK  veloi'lty 
would  (iroluihly  lie  too  low  to  ui'lileve  elfeedye  diiiil* 

OKe, 

2  The  gnu  t'lotforin  eiiu  inove  lit  n|m'h!m  ii|i  to 
oiie-llftli  uf  tlmt  of  the  pnijeet lie,  mill  die  dlreet lou  of 
fire  tuny  Im  id  liny  uiikIoh  of  milmnlh  mid  elevutloo 
u  ll h  reHpeet  to  die  dlrcetloit  of  oiollmi  of  Unit  j ilut > 
forin,  The  I  Millet ,  therefore,  him  tin  lull  ltd  veluelly  of 
ilepwluro  wlileh  In  the  veetor  reNiilliiut  of  the  veluelly 
liuimrted  liy  the  propellant,  iielliiK  iiIiiiik  the  Imre 


nmterlully  whereiiN  lu  i'IiinnIhiI  ImlllNtlcN,  a  menu 
iiuliNliitd  mnK*le  veluelly  limy  Im  unci  I  ImemiNe  mint  lit 
motion  In  negligible, 

!t.  The  KUU-mouiidiiK  iilreiuft  limy  opernfe  nt  miy 
iddlude  I'nmi  nhi  level  to  |tl,(NM)ft,  ( 'oiinui (lion t ly  the 
nlr  donnlly  ill  the  point  of  (Ire  him  mi  Import mit  effect 
on  the  dine  of  tll^lit  uud  the  other  liitHUdo  i intuit  it  Iom. 

I  ii  ehiNNleiil  IiiiIIIniIi'n  the  point  of  fire  In  iimiidly  id  nr 
ueni’ nhi  level,  und  vnrlidioiiN  In  Ntiindard  I'uitdldoiiM 
of  pi'CNNiire  mid  leui|H<riilure  tit  l  hill  point  me  hn- 
porlmil  Ih'hiiini'  the  rangex  lire  Ioiik. 

t.  lu  i'IiinnIhiI  ImlllNtlcN  the  iixIn  of  n  prujeedle 
nmkeN  ii  Niiuill  iiiikIc  with  the  Imre  nxlx  wlileh  In  u|ho 
die  direction  of  dopm'lure,  The  hiikIi'  between  die 
ii\Ih  mid  die  ilepurliire  illrerthiu  In  culled  the  initial 
//uu',  In  tire  from  idrlmriic  kuiin  the  lull  lid  ynw  In  fre- 

((iienlly  largo  heemiNe  of  . . nilerhll  iingle  lietweeii 

the  ri'Nullmit  direction  of  departure  mid  the  Imre 
iinIn  of  the  mm,  Aerodynamic  mid  K,v»'"NHiple  ef- 
I'ui’tw u"  ore  iieeenl uiited,  The  IiIkIi  eniNH-wlud  force 
IohiIn  to  the  phenomeimti  of  windage  Jump  vlu  pro- 
h'hnIoii,141  mid  the  lucreiiNi'd  dniK  ItdltioncoN  tlm 
time  of  IIIkIiI  Nlighlly, 

!i  For  nlr-lo-idr  Hie,  iiIinoIiHc  wind  the  motion 
ol  the  nil'  iiniNN  with  li'Npeet  to  the  ki'oiiihI  him  no 
I'fTect  nIhcc  liotli  the  nlreriift  mid  the  projectile  nre  In 
the  Niuiie  nir  iiiiinn,  The  elTeet  of  rc/oper  wind  In,  how* 
ovor,  tiioHt  lni|i(ii't nut ,  Imt  n  Imllet  lie  tired  NldetvlNo 
I '"in  "I*  nlreriilt  mid  kepi  In  view  from  the  gun  portl* 

d  * . .  <"  lug  further  mid  further  lieldml  mid 

(i/i/nio'N  to  move  In  n  path  that  eiirveN  rearward, 
Aeiimlly,  It  In  iiiovIiik  I"  UNtralghl  line  with  ruNpect 
to  the  iilr  iiiiinn  lull  fnllN  In  keep  puce  with  the  firing 
idrrraft  nIucc  It  In  decelerating  henuiNe  of  nlr  re* 

Hint  HIM')*, 

l.a  TIIHK  OF  FI  Hi  I  IT 

•  '21  ItaftotMiw  SynlMtuH 


and  ot  the  veluelly  Niipplled  liy  the  iiiovIiik  Kim  It . I'nUlllxdcN  tlm  Imllet  In  loenfed  liy  one  or  the 

I"0""*  'l' '  ,  ‘""'"'"T"""  ’llr'','n""  "f  '"I""1  "f  »«o  referettee  ayNtema,  The  flrat  NVHtem  In 

tlon,  In  ueriihnlllNtleN,  then,  Hie  Initial  xpoed  viiHcn  fixed  In  the  air  iiiiinn  with  orlKlu  tit  tl«» kioi'h' 'piwldnn 

'i  H  NMk  tom.. 
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lit  the  innlittii  nf  ft  in.  A*  indicated  In  Flgui*  i  tho 
poaltinu  of  tin*  bullet  nt  tiny  Inal  ant  In  apeeifled  hy 
the  tivo  Hhteel  ciMtniliuilc'H  /*  rout  Q.  I‘  in  measured 
along  thn  line  of  departure  to  u  point  directly  above 
t tin  bullet,  nnd  Q  In  nioaanrod  front  thin  point  verti¬ 
cally  downward  to  Mu*  bullet.  The  range  imvemil  liy 
tin*  hnllot.  In  tin*  air  innaa  In  approximately  /'.  Tim 
orientation  of  1‘  can  lie  given  liy  an  imlmiith  angle  A, 


4iaioTioN  or 

PLATFORM  MOTION 


IhuriiH  I  Atn'olwHIxllc  rcfcrmirc  »,vnIcm», 

tiiCHHiiri'il  ill  a  Inirlimutnl  pliinn  rlockwlm*  from  the 
(llront  Imi  of  mot  Inn,  mill  liy  an  elevntloii  angle  A’ 
n  mu  mill’ll  poaltlvely  upward  In  n  vertical  plane.  (It 
In  tacitly  iinaimied  that  the  aircraft  in  Ilyina  mI ru lull) 
mill  level.)  In  the  aceond  a, Valent.  the  origin  (the 
point  of  reference)  move*  with  the  velocity  of  llii'ipin 
plat  form  at  the  Inalimt  of  lire,  The  Imllef*  pnaltlon 
at  any  liialmil  In  npeelllcd  liy  n  rungc  /J,  which  In  the 
dlalmicc  I tet ween  gun  nod  I m lint  at  that  time,  mid 
liy  the  lateral  and  vertical  deviation*  from  the  Imre 
itxla  A  mid  (},  milled  the  Imlliatle  detlectloim,  In  priii  • 
tlee,  I)  In  Indlot ItmulMliuliii’  from  It*  projection  on  llm 
burn  nxla,  and  It  la  thin  projeetlon  (which  la  the  I)  In 
the  llgiire)  tlnil  la  milled  fulmv  range  hi  Inilllatlc 
table*,  In  till*  latter  aynlein,  (lie  Imre  nxla  la  apeellled 
by  tlm  indmittli  anil  elevation  euglca  .b,  and  AA, 

1, il.il  iMfleroitllul  Kquationn  of  the 
Tniji’ctory 

The  lm»lc  Imlliatle  eipiathma  can  tin  made  out  moat 
elegantly  by  the  metlnida  of  vector  mntlyak,M  In 


Figure  1  the  length*  I*  and  Q  may  bn  replaced  by 
vector*  s  P  mid  Q,  mi  that  if  a  vector  R  la  In  trod  need 
connecting  (  be  origin  to  tbe  projectile, 


where  ii  la  the  Inataiitiiiinoiia  spend  of  the  bullet, 
Aaamnbig  t bat  the  ballot’*  axla  eolneldea  with  the 
tangent  to  tin1  trajectory  at  each  Inataiit,  l.e.,  naanm* 
lug  Kuril  yaw,  the  drag  on  the  bullet  eaitaed  by  air 
iT’alatiinro  la  given  by 

in l>"  l\  nii*» 
e* 

where  in  «*  maaa  of  the  Imllel, 
t>»  *•  air  ilonalty, 

.  biilllatle  miellleletil  of  the  Type  A  projec¬ 
tile  ((■(,  «■  /  »  where  /  depeinla  on  the 

ahnpc  and  it  la  the  diameter), 

An  «*  drag  eoclllelcnt  (a  fniietloti  of  tbe  ratio 
of  ii  to  the  *| iced  of  miiniil), 

The  iiiollnii  of  tbe  bullet  la  governed,  then,  by  the 
vei'tor  mpinthm 

ft  -  -  A'/oiR  4  g> 

ft, 

wlmre  g  la  the  nccclcmlhm  of  gravity,  The  coin* 
poneuta  of  1  bla  eipiatioii  urn  the  basic  mpnithma  of 
the  tnijeelory, 

i‘  -  -  P“  l<iiii  /*  i)  “  “  -  KiiiiQ  +  f/,  (I) 

Up,  Cl, 

t,2, :t  Solution  of  lliu  Kquiitloit* 

In  tliu  SIhuuI  Syali’in 

To  Integral!'  Ilioae  mpiallona,  the  Mlueei  approx1- 
million  la  Hindu  na  a  lll'al  atep,  Till*  uppriixlmntliiii 
replace*  u  by  i\  wlileli  la  aiillafnetory  for  aliorS  time* 
of  (light ,  Next,  experiment* alimv  "Mliul  Ki,  la  given 
very  eloaely  liy  kn  *  for  veloeltlea  lie)  wm  n  l,t)AII  mid 
8,dA0  I'pa,  (The  (’xpreaahiii  for  tlm  drag  then  depend* 
on  the  tliree-lmlvea  power  of  a  )  Using  tbeae  two 
Idmia,  mpnitlona  (I)  limy  be  written 

)'*  -  -  p  k+l'l  <)  »  -  p  k*l‘U)  4-  (/»  (3) 

('ii  r'o 

*  la  the  text,  a  vector  i*  dnuomd  by  hulil  fnce  lype  him)  (tie 
magnitude  of  (tie  vector  by  tight  faeeil  tlaltn  type.  In  thn 
tlgmea,  a  vnclor  ta  ilnimteit  hy  nialcrlliitagiHul  deletion  of  thn 
luulnrltlin  glvna  tlm  iMagnllaile  of  itie  vector. 
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whore,  now,  />  In  the  nit'  iIoiimII.v  relative  to  n  Nlnmlnn! 
tmlliHUfl  doiinlty  ol'  (MI7AI3  Hi  por  cti  ft  ,  tC(|iint.|nnN 
(2)  urn  limueilliiloly  Inlogmhlo  Mini  yloltl 


I 

I 


K 

p 


i'H) 


n  !  ,gfi 

"-a'T  -:WV>J' 


efficient  (’  which  Im  coniioetoil  to  fho  qimntifleN  In 
cijuitt  loo  (.'{)  by  fho  oxpi’OMnlon 

„  o.tirtip 

Typical  viiIiioh  iif  On  nro  given  hy  Tithle  I.  Denplto 
the  iippimnif  ueotimoy  with  which  fho  tihovo  values 
of  Ci,  ure  Milfoil,  If  mIiiiiiIi i  he  appreciated  tlmt  this 


where  K  In  tlio  voloclty  of  departure,  (Nntutlonally, 
/'d  «*  Mu.)  Tlio  viilno  of  k*  ilopomlN  on  tin*  null  of 
length  employed  If  /'  U  In  tlioiiMiiuU  of  fool, 
/>■*  «■  t)  I IM;  If  /*  in  In  foot  |»oi'  hoooihI,  k*  <■*  tt,t)t)!f72; 
iiihI  If  /’  In  in  yards,  k*  *•  IMHHMti, 

Tlio  Inloi'iirotiifloii  of  tlio  Ninioliiro  of  oi|imtion  (If) 
In  hitcrcNling.  In  viioiiinn  >>  -  0  mnl  iin  it  result  tlio 
lull  bit  velocity  (m'I'nInIn  In  tlio  /’  illroolloii,  In  nlr,  tlio 
Noonml  tonn  on  tlio  light  of  oi|iiiitlon  (It)  Un  eniiNtiiiif, 
but  tlio  ii>ol|il'iioiil  elmriieler  of  tlio  othor  two  Iooiiin 
of  tlio  oifiiiit Ion  iiioiiiiN  t lint  tlio  01  niMt nut  Iiiin  111 i lr 
olToot  for  Niiinll  /  mnl  /’,  For  n  Niilllolontly  huge  viilno 
of  /’  the  rlulif -liinii I  n|i|o  ItcoiiiiicM  Korn,  lint  (IiIn  fnot 
oiniiiot  lie  1 1 sci I  in  onIiiIiIInIi  iniivlniiiiii  range  nIiioo 
tlio  speed  wonlil  full  lioliov  tlio  limit  lor  wliloli  tlio 
tliroo'linl von  iiowor  law  U  vnliil,  llmvovor,  I  hi*  viilno 
of  /'  ilotonnlnoN  n  vorllonl  iiNyni|iliilo  for  tlio  hyper* 
Imllo  trajectory  iiNNortoil  by  oi|inilhin  (!l).  In  fnot  It 
In  |iomn|IiIo  to  iloilnoo  l,|,J  ci|nitllnn  t.'t)  liy  Miiirllng  with 
tlio  billnoitr  form 

.  «  4  t>r 

/  «r 

c  +  ill1 

mnl  lifting  tlio  I tliliomltornoiilll  niiIiiiIoii  of  tlio  bub 
IInIIo  IM'iiIiIoio,-1"  The  iIoIiiIIn  will  mil  lie  given,  An  n 
liim I  remark,  In  ooiiiiooilnn  with  ci|iintlon  lift,  nolo 
tlmt  the  roninining  velocity  of  the  projectile  m  nny 
IliNlntil  oiiii  lie  olitnlnoil1"1  by  ooiii|iiltliig  tll‘  ill, 
Tills  velocity  In  iiooiIimI  In  cHloiihitlniin  of  ImpncI 
energy, 

The  ilorlvntlon  of  oiputt imi  (!t)  i|o|ioiiiIn  explicitly 
on  tlio  tliroo-linl von  |Miwor  Imv.  I'or  projectiles  of 
velocity  lower  limn  1,11/ill  fps  tlio  nioro  gonorni  Mined 
procedure  imiNl  ho  iisod."'*  Km1  o\ii u 1 1 >lo,  n  frnngllilo 
|irojoolllo  Iiiin  I  icon  liilroiliicctl  for  trnlnlng  ihii'iiomon 
which  nIuiI Icon  ii|nni  Impad,"1  Tu  nvnlil  iluiiiiigo  Its 
velocity  iiiiinI  lie  lto|il  low  (liolow  1,511(1  fps),  For  I  Im 
•‘hIIIhm’  II, dll  fViinglhlo  Hull  Tl  I  iirojootllo  tlio  Klnool 
fniiot li min  Iihvo  hooii  computed,1''*  so  < Imi  trnjootorloN 
nmy  Im  tloihicoil, 

Figure  2  In  ii  mimngrnm  for  the  ooiti|iiiliilloii  of  the 
t tine  of  lllglil  I,  it,  iinoh  the  ooiitliionlnl  I iiiIIIk) lo  cm* 


T on.io  t,  CoiinIioiIn  for  i y jilottl  mminmltloo, 


( 'oiMilrv 

Typo 

('iilltmr 

Minute 

Vi'lurlly 

(f|W) 

1  H  A  "" 

MM  MN 

II,  All  In, 

II  411(1 

2,N7I) 

I’M  A  "" 

\l‘  MU 

II.IUI  In 

(HAN 

2, 71  HI 

(loi'iimny 

MM,  iMtllflt 

till  nun 

11.2114 

2,'JtlN 

dormniiy 

in;,  Mtii/n 

!in  nun 

(1  INK 

3,071 

« ionium, v  li! 

tl  1  IT,  Mdtttt 

I'l  mm 

11,2411 

2,H4N 

Ucrnmiiy 

\I'T,  Mdt7 

7,0'J  mm 

O.IHA 

2,AN7 

■lii|n(ii 111 

till  mm 

ll,2Htl 

f,IHH 

,l»|iioi  '* 

7,7  mm 

11.224 

2,420 

oiM'lllolont  vniioM  Noinowhitl  from  nmiiiifiiotnrei’  to 
nmniifiioliirer  mnl  oven  from  lot  to  lot,  An  If  In  do* 
toriiilneil  hy  cxpciimcutiil  lliingn,  It  also  i|o|minlM  on 
the  onmlltloiiN  of  i but  liring, 

i.2.»  Tlmt*  of  Flitflil  in  (ho 
Hi'liilivii 

The  iIInounnIoii  of  time  of  lllglit  inny  ho  ooliolinloil 
h.v  giving  fnnmiliis  n|i|iro| trlii to  to  the  moving  on* 
nrillniilo  NyNloiit  iIonoi'IIioiI  In  Hoot  Ion  1,2,1,  Thin  In 
the  tin  1 1 1  in  I  system  to  iino  In  nli'horite  ginmery,  (The 
Mined  iloil vnl Ion  Iiiin  the  teelinlonl  nilvmiiitgo  nf  re* 

•  hieing  the  |iroiilom  to  the  oImnnIoiiI  omno  with  it 
properly  ehoNeii  velocity  of  ilo|iiirliiro, )  In  flic  rein* 
live  system  the  I  Mire  nxls  tuny  lie  n|m'oIIIoiI  hy  the 
tingle  I)  w  hich  If  innkoN  with  the  illrootlon  of  motion, 
Kvhlontly 

con  (I  ■*>  Ol in  ,1,,  con  ,  (A) 

The  n|  tool  I  of  depurtiu'o  In  given  oIunoIv  by 

/'ll  I'll  T  I'll  IIIIN  th 

whore  On  In  the  iiiiikrIo  velocity  Imparted  hy  tint  pro* 
Mini,:  mnl  e,/  In  the  fr no  nos/aW  of  the  llrlng  nlr- 
omit,  The  oxproMNlon 

l>  A  /*  —  (i „/  CON  0 

In  also  ii  guml  approximation,  With  Hie  till)  of  theso 
expressions,  o< 1 1 in i It n i  ('♦)  inny  lie  written  In  the  form 

l>t>U  CON  Of1  —  (I'l,  —  lll))t  +  I)  m  o, 


roNKIDKNTJAh 


i 


(uixmtic  tiKPi.ifciirfoNN 


where 


[/  !  + 


(tint!  InviwtlgiiMiig  numerically  the  approximations 
lor  /'  ami  /*n  from  Section  1.2.4)  load*  to  the  value 


"  F  *'u  «-  1  V|()(KI  |  )pk*  \ 

If  only  terms  of  (he  firnt  order  are  preserved  in  Urn  ''  2  \  It  ~~  )im  fik>  ^ 

expansion  of  Mie  smaller  of  t  he  I  wo  roots  of  (  lie  ...i., ,  , ,  , ,  .  . 

tpmdmMe,  the  value  " !l” '•  for  Mm  ranges  nod  speeds  of 


'  •  e  ’  .  '  o  ’n  imo  njivviin  Wl 

taelleui  Imperluucc, 

i  •'*•2  TrullAnglo 

An  expression  for  the  angle  If'  subtended  at  the 
Ituii  by  the  lateral  balllutle  delleetloa  may  he  do- 
(haa'd,  For  heron  tire,  In  the  absence  of  gravity,  a 
Kim  mount  In  uniform  motion  la  ahead  of  the  bullet 
iu  t  line  i  by  I  he  distance 


UimdratJe,  the  value  " !H,hl«,llv  nceurate  for  the  I'nogas  and  speeds  of 

,,  r  „  _  tael leur  Imporfnnee, 

(n, -/»/>)»  J  (0)  T 

la  obtained. "*  Mon*  refined  work  would  employ  t  wo  *  ****  P 

teruiN  of  l  lie  expansion  and  would  eorreet  It  by  Q eln  ox|ircssloii  for  the  angle  If*  subtended  at  the 

h\  for  lire  al  high  elevation.  «mi  by  the  lateral  balllutle  ilelleethm  may  be  do- 

d>i(‘ed,  For  twain  tire,  lit  the  absence  of  gravity,  a 
h»  HAM.IMTIC  DKFI.KCTIONM  K"»  mount  hi  uniform  motion  b  ahead  of  the  bullet 

in  t line  I  by  t he  distance 

bit. I  Subtended  by  (Vruvitv  /  />  \ 

Drop  ’  r"V~FJ' 

l‘ Igui'e  M  show*  the  trajectory  relative  to  the  nmv*  Tldn  b  the  distance  /.  in  Figure  I,  The expression  for 
lug  gun.  The  displacement  of  the  trajectory  from  the  Mila  distance  arises  upon  noting  that  hi  tin*  absence 
extended  bore  axis  Ih  called  the  ballistic  defleetioit.  "*  'dr  resistance  the  time  of  lllghl  would  bn  /'  /»„ 
'I'IiIh  total  deflection  Ih  decomposed  Into  a  lateral  de-  mid  the  gun  mount  would  reimdn  abeam  of  the  bill* 
flection  IF  men  mi  i  red  an  a  great  circle  are  la  the  plane  M,"*"  To  obtain  the  angle  subtended  by  IF  for  non* 

beam  lire,  h  iiiiinI  lie  foreshortened  by  hIii  0,  where  0 
Im  defined  by  ei|iuitlon  (A),  and  divided  by  I),  These 
operatlotiH  give 


'('"fi)' 


In  milllradhuiH,  With  the  aid  of  (H|iiiitlnii  (fit  and  the 
approximation  IF  can  lie  brought  to 

the  form 

ip  „U>W>  Hill  0 

"  -  ■  II  •  (») 

where 

H  -  \/ I’li  (e„  V  V 

or  MM  \  V/  j,  2i'ti  / 

"  . . . •••dice . .  value  Is  „sslK . I  ,o  K  hy 

determined  by  the  horn  nxb  and  the  direction  of  I"1*'1’""1"11  lh"’  ,'"1'  "ll-"'«»iii"l  fire,  *■„  «  and  hy 

. . ml  Into  a  vertical  del that  U  measured  In  S ‘ml  T!  ml  " 'ml  «»  '"'J"*"  l> 

a  vertlenl  plane  through  the  projcrllle.  My  Figure  I  It  Vll  j(,i  ,  *  ‘  elTeet  of  the 

b  Meet,  that  the  angle  subtended  by  II  at  the  gnu  b  (M||1|1||()'r" "'"l  °  hIm,Wh  1,1  '"tmerator  of 

u  J-  t  tmti 

,  . .  .  4.  *  „  ' • ■ ;|  •nlurpi'uliiUon  iiml  Ctiirtiial Ion 

In  riillllriwIluitM,"  Hulmtllufing  <J  I  mm  <>i|tuil  |ou  (I)  of  Doflool  loi,» 

h  b'MKt  mllllrmlliiiiM  -  I  riallmi.  la  aerlnl  giamery  (lie  on-  The  trajectory  dbplaeeaient  iiltuleH  W  ami  <1  will 
I  >t*t  ixt  mu  I  Imm#  l  no  d  *•  n  imhI  Mil  t*  ^  »  htd  iimiMtlv  ddiHsi  filtiu  ..t...  ^  '  .  W  H  iiiiii  if  will 

oat  iKinaneiit  lamnaie  ,4  Hie  miaill  nIwi  of  ilelMlnn  hiikIch,  "  '"•'h  |‘«'|»»(,Hoti I  eorreellotiM  to  the  major  aiming 
(Mill  differ  Ptigtnly  front  eiillinaliiatM.  IMIKI  adb  -  ittMt",  ttllmviutee  (which  alhiWM  fur  target  motion  nlailvo 

IhMlMtt  f  ill  1  It  111  I  Im  **  I  »IMHI  IIIllllltMltflfiri. )  tn  1  lift  iriin  muiiiit  i  lit  f».o  l1,, III.,.. . . . i..  n..-  t  . 


a  *  i  hod 


In  rnilllradlami,"  HubNtllufbtg  (J  . .  ct|imilon  (I) 

h  I, IKK!  iiilllIrmlliiiiH  -  I  riiillmi.  ta  aerlnl  gunnery  (lie  ioi- 


lo  the  gun  mount).  In  fact,,  railing  any  relative  target 
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Ttris  MOTION  IN  TII8  MM  AM.  OF  TIIK  I'KOJHOVJMV 


motion,^  they  hit  I  homwlves  the  ni ruing  allowances  nr 
loiuJg.  For,  if  n  target  in  pacing  n  bomber,  he,,  main¬ 
taining  t ho  *nnui  course  hihI  speed  but  not  necessarily 
tlu<  wumi  altitude,  then  the  target  doc*  not  move  as 
Melon  from  behind  tho  gun.  Nevertheless,  the  bom 
nxla  must  loiui  tho  target  by  tins  pro|>or  values  of  |p 
wul  0  to  Hanaro  a  hit, 

In  aotno  mao*,  anoli  a*  in  experimental  atmlioa  of 
gunsights,  tho  viiIiiom  of  tho  ballistic  oorrootlona  inuat 
frequently  bo  obtained  uti  a  ma*M-proihinHi>n  buala, 
It  la  then  iloalrnblo  to  oonatruot  apoolal  i  Imrta,  called 
Woffl'n M*,M0  for  each  of  which  altitude,  n|whhI, 
mtiHMUi  velocity,  and  lialiiatlc  coofficicnf  am  fixed, 

1  here  are  Npochdliicd  tools,  Mom  generally,  complete 
tmjeetorhw  can  ho  oonatrnoled  with  The  aid  of  a 
nomogram  Midi  na  that  given  In  Figure  4,  and  W 
anil  (l  can  ho  calcnlaled  by  the  methoda  uaod  In  tho 
above  derlvatloua,  If  such  iiomogmma  are  cttmfully 
etinalrnctod  to  a  nullable  aealo,  they  may  well  ri'plnco 
tHMeN.w'  Tho  ndvantago  ilex  In  tho  flexibility  n 
and  i»o  an*  not  restricted  to  apoclul  values,  The  ill*, 
advantage  la  that  auxiliary  oalonlatloiiN  must  ho 
riiailo. 

I. 4  TIIK  MOTION  IN  TIIK  NMAl.l. 

OF  TIIK  I'HOJICTII.K 

J. 4.1  Henson*  for  the  Dismission 

Tho  treatment  of  tho  trajectory  hi  Hoclioua  12 
and  1,3  wna  lunoroaooplo  hi  that  It  doaorlhed  the 
gonoral  character  of  tho  motion,  while  neglecting 
oortfthi  details,  It  wna  aaautnod  flint  na  n  prujeotlle 
loft  the  uuiKMle  of  mi  nlrhiinie  gnu-  It  Immediately 
took  up  the  resultant  direction  dletaleil  by  uioiuit 
velocity  and  propellant  velocity  and  then  proceeded 
on  a  aim  tilth,  softly  arehhtg  curve  through  tho  air 
miiNM,  TTiIh  description  and  the  reaulllng  formulas 
have  proved  quite  adequate  fur  precise  Investigations, 
Nevertheless,  the  netual  projectile  haa  certain  aerie 
dyitatnle  and  gyroscopic  properties  which  were 
neglected  above  but  which  may  be  briefly  exposed, 
The  two  renai ma  for  such  an  exposition  are!  taie  must 
be  certain  that  the  mean  trajectory  t  reatment  above 
neglects  no  Important,  effects)  and  In  certain  new 
applications  Much  behavior  In  the  small  tuny  become 
significant,  As  an  example  of  the  first  point,  windage 
Jump  has  been  calculated  and  found  to  lie  so  lusig- 
rdficant  for  the  caliber  O.ftO  projectile  that  the  effect 
has  been  dismissed  frmrt  practical  considerations,  In 
support  of  the  second  point  suppose  that  a  large 


calliier  gun  fires  upward  at  a  low  velocity  ~  chosen 
low  to  minimise  mooli, »«  The  initial  yaw  Is  very 
large  (4ft®)  and  the  question  of  Its  damping  Is  Im¬ 
portant  If  contact  fuses  ace  to  function. 

1*4.2  Go  Merit  I  Features  of  the 

Motion  Nnd  Dumping  of  Yaw 

The  microscopic  motion  of  a  bullet  involves  three 
effects  (I)  a  vibration  of  tho  center  of  mass  with 
respect  to  a  mean  trajectory,  (2)  a  precessions!  mo¬ 
tion  of  the  axis  with  respect  to  the  center  of  muss, 
nnd  (3)  it  drift  of  I  lie  center  of  mass  to  the  right  of 
the  vertical  plane  of  departure,  All  three  motions 
occur  I  localise  of  She  yaw,  which  Is  the  angle  at,  nny 
Instant  between  the  axis  of  the  bullet  and  the  dime- 
Mon  of  motion  of  the  center  of  mass  of  the  bullet. 
Mom  specifically,  the  first  motion  Is  caused  liy  a 
cross-wind  force  which  Is  aiialiigous  to  the  lift  on  an 
airplane  whig,  Tin*  second  motion  Is  attributed  to 
the  drag  which  Is,  again,  similar  to  the  drag  on  an 
airplane  whig,  The  third  mutlou  is  due  to  gravity 
and  the  curvature  of  the  trajectory.  Yaw,  cross-wind 
fume,  and  drag  lire  shown  in  Figure  ft, 


before  explaining  the  mol  ions  described  above,  tiio 
nature  ol  the  bullet  as  it  potent  gyroscope  may  be 
discussed,  This  potency  Is  altributablc  to  the  high 
rate  of  spin,  which  Is  fniiud  by  dividing  the  mmole 
velocity  by  the  twist  (number  of  feet  of  barrel  fur 
one  turn  of  the  rilling),  (For  the  eullhor  o.flO  AP  M2 
the  spin  Is  2,100  rovuhitloiis  per  see,)  Over  the  short 
ranges  of  nerolmillstlcs  It  may  !w  supposed  that  tho 
spin  rate  does  not  deemase  lint  keeps  Its  imiRsio 
value,  Figure  ft  shows  that  the  bullet  resembles  a  top 
wit  h  a  point  ol  support  at  the  center  of  mass  and  with 
the  weight  of  the  top  replaced  by  the  drag,  by 
analogy  with  the  top,  a  Joint,  proeessional-mitatlunul 
motion  of  the  axis  Is  to  be  expected,  'Phis  behavior  Is 


OONFIDKNTJAb 


1ft 


AK.MOIMMJKTIC* 


conveniently  idetorlallimd  by  giving  t  hc«  pattern 
ti'iiood  by  Mim  tip  of  till)  biilliif  iiw  an  i<f »ii*yi)|lo  motion 
a**,  minted  with  two  t‘irnh  «i  (hm  hIiiiwii  In  Klgttn,  (I), 


"  lib  Mhi  niitiiMim  or  Mint  figure,  ||»«  mikIiiih iuikoiii 
>w  l«  given  by 

6‘  «*  af  -f  (1 ,,  — 

wlii'iD  in  h  lbi<  inii| illt mil'  iirilii<  11 1 1 1 •) t ion  (of  mic  „,), 
lino  u«  in  llio  Iitii|>|||||iji<  of  (In'  jiii'cexHloii  (of  rate  «,) 
Hnili  circle*  1  li'i ' ri'HMi i  hi  millim  during  Mid  Mum  or 
fllglil,  I  bln  damping  of  llm  ymv  In  cnidvidciil  to  tlm 
w'lfmiwllun  of  1.  to,,.  Tbi)  minimum  ymv  In 
mill,  alime  (ix,H«rli)n.|itn  *bow  Mint  for  mil  Imr*  up 
to  .‘17  mm  ut  leant  |f  tlm  in liibmiiii  ymv  In  btlMully 
imm  It  idiiiiiIiim  *1*111,  It  follow*  Ibiil  tlm  preoe**|,iiii'd 
mul  niiliif  lotml  damping  niton  are  oitimh  coii*ldcrlitg 
tbiit  tbc  maximum  ymv,  tit  i-  11,,  wn*  not  xoru,  Tlm 
damping  factor,  which  nmltlpljc*  tlmiiiniilltiiili',  oiiiy 
lm  Melt  ten  In  tbi*  form 

(I  -  S  ')  to  '"n,\ 

ivlmrn  S  In  n  ntiililllly  f,ii,!oi,,l4*“  dciiciiding  o**enHiilly 
mi  tlm  moment*  of  Inertia  no, I  tin*  Hplii  of  tbi*  pro- 
ji'i’tilo,  fi„  In  Mil,  ulr  iloimlty,  mul ,» In  11 ronxlnilt  to  lm 
determined  experimentally, 

,i4<a  Wlmlngt*  Jutiip 

If  lx  clear  from  tlm  above  di*eu**lna  that  tlm  plane 
wf  t  lm  ymv  angle  folates,  (Thin  In  tlm  )>lium  eoittnitdng 


Mm  nxi*  of  Mm  bullet  mul  tlm  tangent  to  tlm  tra¬ 
jectory.)  Hlnee  tlm  eru*H-wlnd  fom,  always  act* 
milinlly  nntward  In  lid*  (ilmm  It  may  lm  exacted 
tlmt  tbi,  muter  of  initHM  would  lm  pulled  around  In  11 
bollffil  path.  It  In  nut  no  evident  tlmt  thin  helical  path 
"  HI  miffer  |"1  overall  angular  (llntdiu'i, merit  (windage 
Jump).  Thu  following  dleeunnloii  of  the  phenomenon  In 
heuristic  mtbiu*  than  rigorous. 

Point,  im  Hlrboriii,  gun  horlanu  tally  to  starboard 
nnd  lire,  Then  tlm  Initial  yaw  S„  In  itn  Indicated  In 
I'lgiire  7.  Hu|i|mne,  emitmry  to  fuel,"  tlmt  tlm  until* 


oiaiotipn  or 
sutsoam  motion 

Kmc  km  7  tnltlMl  ynw. 

floiml  amplitude  In  Kerin  tlmt  Mien,  In  iioiliimplug  of 
the  (ireeennlomil  ninplit mle,  tlmt  the  effect  of  gravity 
may  be  neglected,  ami  tfmt  the  bullet  does  not  slow 
down.  Mv  imi'iMlyimmb,  analogy,  tlm  cross-wind  form, 
may  lm  taken  |>ru|iort lotml  In  Mm  ymv,  which  In 
minlvideiit  to  the  angle  or  attiiek  of  a  wing,  Melallve 
to  tlm  line  of  departure  (Figure  7)  menwiro  a-  btirl* 
Mintnlly  perpendlenlur  to  Mint  line  and  positive  to  tlm 
right,  and  measure  //  vurtlenlly  fiei'ixmdleiilar  to  tlmt 
line  and  positive  downward  The  eonrt  linn  ten  of  tlm 

‘  TIiu  iwwuiIhI  physical  Mmvlor  l«  not  alt,, m,|  by  u,„ 
awmmptlims,  ' 


C’ONFIDMNTIAL 


>■"  DINPKHMION 

Phllo«w>phy  of  Hoptfi  Fire 
WoNpotm 

Willi  Imt  few  hirge  calllicr  exception^  in  aem- 
tmtlldiloM  h  hurxt  (11  mold  (Mill  (•omlnuitiiN  Ncipmuec  of 
bnllciN)  U  directed  nt  a  target,  Tim  Mimwlv"  Imllet* 
will  not  follow  each  othor  In  eximtly  tin-  xanm  jmt It 
mid  hm  it  lexult  it  dUpemed  put  torn  In  built  up  at  tlm 
target,  TIh»  dlrooloil  burnt  or  pattern  prliiolplo  In 
Imttlo  In  Iho  plilliwopliy  of  airborne  flro  ronlrol  with 
Kimtll  1'itlllior  unimiiiiltloii.  The  expectation  In  llml  If 
ii  huno  number  of  ImllotN  urn  pluootl  rnpldly  on  itnd 
Hour  n  target  thorn  will  lie  it  high  probnhlllty  Hint  nt, 

loitNl  Otin  will  lilt  t  ho  Nlfllill  Nllll-lll’oit  VlllliOI'llhlo  to  the 
oitllbor  being  iwed.  That  I  hid  In  ronlly  a  pollhintion 
technique  In  ovlilont  from  oporitllotiitl  nt ui Ih( |«<h  hull- 
onthiK  that  any  whom  from  17,000  ronmlN  (H-21, 
Afrion,  onrly  World  War  II)  to  2,ft00  roinidN  (H-20, 
Pacific,  Into  World  Whir  II)  worn  expended  per 
flghtor  Nlmt  down.  In  cant  mat,  with  large  rallbor 
projontlloN,  ohibomtoly  n*\,|  hidivldiially  dhvofod, 
nih'oonhIvo  IiIIh  onu  bo  Noornd  on  chlpc  angularly 
Nrtmllor  than  nlrrmfl  tnrgctN  (U  H,  Navy,  (‘oral  Hon), 

t.n.3  Nature  and  SiulMIcal  I>i«. 
Ncrlption  of  the  Pattern 

In  iiorial  gunnery  only  a  certain  part  of  tho  total 
dlNpnrNlon  run  properly  ho  attrlhntod  to  bnlllNtloN. 
Tho  Nit  tin  I  Ion  In  Noinowhat  iih  follow*  i  In  tracking  and 
flrltiK  at  an  nlrhoriio  target  an  liiNtaiitanooim  moan 
point  of  linpaot  fmlN  to  Ntay  on  tho  (argot  nIiioo  It  In 
holag  carried  alaait  by  aim  wandor,  deflection  orrorN, 
mid  hiNlriitaontal  orrorN.  AorolmlllNtloN  may  iIInoiinn 
<aily  tliln  moan  point  »f  linpaot  and,  even  then,  Miifl'er 
an  enlargement  on  |)n  eiaieept  nIiioo  a  gnu  mount  and 
a  Milliner  will  be  Introdiieed,  TIiIn  In  jiiNtlfled  lieciiildo 
of  (lie  latliteueo  of  IIiono  fiietoi’N  on  the  dlreetlon  of 
bullet  depariiire,  To  proceed  N.VNteiiiatleally  eotiNlder 
a  NOipieneeof  three  ground  cxperliimntx, 

I.  Hnppow!  rouadN  are  final  under  preelNoly  the 
NHmeeimditloiiH  of  exact  and  IniiMiliud  nliii.  Hcciminc 
of  hilt ini  yaw  at  the  iiiukhIc,  uiauiifaeturlug  varlatlotiN 
In  powder  eluirge,  bullet  Nliapo  and  weight,  and  piwl- 
tlnn  nf  the  charge,  nl  certain  pattern  will  In-  gen- 
omted,  Hut  It  In  a  remarkably  tight  pa  Merit,  For 
mminple,  hi  eallher  O.ftd  lire  thnatgli  a  ffMn,  Mann 
barrel  a  emio  of  angular  diameter  0,2ft  milllradlaii 
will  contain  7A  per  coat  nf  the  ronmlN, 


2  If  a  burnt  In  fired,  lindend  of  Individual  ronmlN 
i»n  above,  with  the  mount  hold  rigid,  nlaxtlo  vllmitimiN 
of  tho  Imrrol  will  neeiir,  The  vibration  In  nut  simply 
an  up-uiid-dowii  whip.  liiNtead  a  fumed  vibration 
oeeni'N  and  each  bullet  wnidlbly  leaved  In  platan  with 
the  motion  of  tlm  IwnL  Typically,  the  7S  per  cent 
eone  In  IncmiNcd  to  perhapN  2 ,fl  mllllradlaim. 

3.  If  the  mount  In  not  hold  rigid  and  If  a  human 
gunner  In  aHkod  to  hold  on  a  fixed  target,  tlm  com* 
blued  mount  vibration  and  gunner  error  will  lead  to 
a  7ft  per  cent  cone  of  diameter  from  ft  to  2ft  mllli- 
rndlntiN,  depending  on  the  liiNfullutlon  under  te«t.IM’ 

IMJUI  m 

It  In  with  UiIn  third  type  of  dlNpordhm  that  one 
normally  iIouIh  In  ealenlatiaiiN,  I  n  any  mi  mi ly,  It* 
iimgoltiide  imiNt  be  carefully  deteniiliieil  for  (lie 
given  Nydtera  even  to  the  extent  of  noting  the  effect 
of  Hitch  vnrlablcH  an  aircraft,  Indtulliitlon,  gunner, 
age  of  tlm  gun,  leiiglb  of  btirat. 

When  tlm  Indict  IioIcn  »f  any  burnt  are  collected 
on  a  Hat  target,  normal  to  tlm  Him  of  fire,  they  have  a 
center  of  gravity  which  In  enlled  tlm  mean  point  of 
foi/mef  [MPI],  It  may  be  noted  that  tlm  MPi  may 
be  HUKtnmtimlly  dldplnccd  fram  the  first  ballet,  due 
t»  gun  jump.  Furthermore,  with  exetwlvely  long 
Imi'NtH  tlm  heating  of  tlm  barrel  may  aluo  eaase  a 
Nteiuly  nlilft  of  tlm  MPI.  Hut,  neglecting  wieb  effect*, 

It  ix  common  to  emmlder  each  round  nx  Independent 
of  any  other  no  that  the  dlNpei>>loii  pattern  may  be 
adequately  dcNcrlhcd  by  a  two-dimendiinml  normal 
or  (IniixNiiiii  dlNtrlbutloii  with  the  MPI  iin  mean.  In 
practice  the  vurlaneeN  In  two  orthogonal  direction* 
will  differ,  leading  to  an  elliptic  dldtrlbidhin,  Hut 
Nhiee  the  orient  at  Ion  of  flild  elliptical  pattern  dr« 
peiulN  In  a  complicated  way  on  the  dlreetlon  of  fire, 
IwcuiiNe  of  illlTereut  vllirittloiial  rcNpoudeN  of  the 
mounting,  It  Iiiin  become  ciidtomary  to  rephme  It  by  a 
circular  dldtrlbutloti  (with  the  two  dlreetloiiN  *tn- 
tidtleally  hidepeiidcnt),  If  the  MPI  In  taken  as  the 
oiiglu,  the  fraction  nf  a  large  number  of  rimndd  that 
will  He  In  the  cell  nlthlr  in 

p<rfi)m2Wy'"'w  (»')) 

where  »  In  the  Ntandnrd  deviation, w  Cell*  of  equal 
probability  with  their  centroid*  are  nIhiwii  la  Figure 
10  Hlnee  the  evidence  In  that  the  bullet*  of  a  burnt 
define  a  right  circular  rime,  If  Ik  Udiinl  to  take  r  and 
a  In  mllllradlmid,  la  military  literature  the  pattern  In 
dpeellled  by  giving  the  diameter  of  the  circle  that 
ei intaiud  either  fttl  or  7 ft  per  cent  of  the  rouadN, 


t’ONFmiWTIAl, 


iMumtsioN 


akhouaMj£HTH;n 


From  wputtlon  (JO)  it  fnlhiWH  Mint  Mm  diameter  of 
the  elroi*  onntiMnlng  h  per  omit  of  tlm  rotiudN  In 
given  by 

(For  example:  If  h  «  /JO,  d/e  ■>  2.0/it ;  and  If  h  ««  75, 
d/e  »  3,830.)  The  moat  elegant  Npecilicntlnn  of  the 
pattern  nlae  In  Mirmigli  c,  nIiioo  e  In  tlm  rndltiN  of  that 
nnnuluH  of  width  dr  Mint  mm  tnl  iin  Mm  maximum 
f motion  of  tlm  total  niimbor  of  rounda  oompoNlng 
tlm  put  torn, 


tiV  CON  0, 


i Change  In  I'nttorn  Ml***  miil«*r 
Trull  Gradient*  mid  Forward  Fire 

Aeriilmlllatle  clYectH  can  modify  tlm  pattern  nI«c. 
Htippoac  Mint  n  turret  In Hrlugnlmrat  while  It  iHtiiick- 
Ing  nt  n  uniform  angular  rnto,  Tlmit  tlm  piittorn  being 
built  up  lit  tlio  target,  i.o,,  tlm  piittorn  roliitlvo  to  tlm 
gnu,  In  iliNtortnd  by  tlm  change  iu  liifornl  bnlllNtlo 
ilotlootiiiii  dim  to  tlio  oliiuigo  In  0,1"  ’I'IiIn  I  mi  l  gmdind 
In 

dW 

dO 

wlioro  In  tlm  Intent!  IndllNtlc  ilotlnetlon  fur  boiint 
lire,  otlior  ooiiiIHIiiiin  remaining  uuoliiiugod,  Ait 
iitinlyNlN  In  tlm  vortli'iil  illroi'tlun  kIvon  tlm  Nimm 
dint ort Inn.  It  In  coitolinlod  Mint 

ir»„*  i 'on  »\ 

IIHH)  / 

A  different  typo  of  dtNtorlloii  ooourN  hi  fiirivnril 
tiro  from  n  tighter, ,w  A  at  might  forward  veotur  oonibl* 
lint ii in  of  imusido  voluolty  mid  tlglitor  velocity  glvea 
till'  ONprOHNlllll 

0,1 

tail 


Unit  *“  10^ 


TIiIn  In  lllnat  rated  by 


On  +  iv 

bduni'o  II. 


A  change  n«  great 


mu  null'  velocity,  TIiIh  voloolty  will  vitry  materially 
(l(M)  fpn)  not  only  Iwcauae  of  mitmifimfiirliig  vnrl* 
uMoiin  but  iiIno  Iiokhiino  of  Mm  poNltlon  of  tlm  powder 
In  the  cartridge,  tlm  temperature,  Mm  age  of  barrel, 
and  tlm  length  of  burnt, M  Hitioe  the  aiming  allowance 
for  target  motion  In  approximately  proportional  to 
miuntle  velocity  (nee  Chapter  2),  If  nil  tlm  rounila  of 
a  luirat  Imve  a  moan  mnimlo  velocity  different  from 
t  hat  uNMimed  by  the  fire  control  ayatem,  n  xyNtematlo 
dlNplaoonmnt  of  tlm  M PI  front  Mm  target  will  occur, 
lint  coiiNldor  now  llm  effect  of  the  variation  In  muMln 
velocity  around  Mm  mean  during  the  luirat.  Tlm  low- 
valnod  hnllctK  will  uudeiiead  and  tlm  high-valued 
oiich  overload.  Tim  dUpei'Hlon  In  ItmrcnNcd  proper- 
tlouatcly  tiluiig  the  track  of  tlm  target,  which  can  lie 
regarded  iin  fortunate,  nIiii'o  deflection  errerH  hiicIi  iin 
the  N,VHtenuitlc  one  dean'll  icd  above  have  their 
greateNt  value  idling  the  track. 

i, a,  i  Hurnmnlzutlon 

liei'HUNe  of  diNpei'Nlou  it  In  a  reiiNottabic  Idea,  iu 
view  of  the  tint  t  reject  mica  iu  baud,  to  attempt  to 
remove  the  nweaalty  of  making  Nuperolevutlou  allow* 
iinceN  for  gravity  drop  III  the  alining  problem,  If  the 
gutiN  are  Net  at  Nome  fixed  alight  angle  with  reNpeet 
to  llm  Hue  of  Night,  then  with  the  iiniiiiI  colidit ion  of 
gmiH  below  tlm  giiuner’N  eyea  the  trajeetory  of  that 
idnd  Imllet,  which  will  lilt  the  MIM,  will  arch  up, 
rroNN  (lie  line  of  Nlgld  near  tlm  gulia,  mid  iwiiaa  It 
again  much  later,  Willi  a  dlN| tendon  pattern  there  In, 
then,  an  iindied  cone  which  NitpplieH  a  hen  ten  untie 
hugging  tlm  line  of  Night  ipille  cloaoly  over  rattgeN  of 
tactical  iiupoi'linicc,  In  dctcrndnlng  llm  reipilrcd 
angle  of  elevation  II  In  nei'CNNiiry  to  coiiaiiler!  parallnx 
(llm  illnpliu'oiimnl  lit  the  nireral't  of  the  gmiN  from 
Mu-  eye  of  tlm  gunner),  gnu  climb  during  a  Inii'Nl, 
gravity  drop,  range  to  be  beaten,  and  direction  of 
lire,""  Direction  of  lire  In  Important  beeaUNO  iionc  lire 
to  it  given  future  range  InipllcH  a  Nimdlcr  time  than 
dot'N  tali  lire  to  that  Name  range,  lit  remote  lire  euti- 
I  ml  NyNleaiN  iin  In  tlm  11-21),  Mm  phyNlnal  (llfttmdtlea 
In  currying  out  a  ImrmouiHallon  Nclmme  determined 
by  them*  coiiiideriitioim  are  material, w 


Fiornw  tl,  * 'mil  wet  Ian  of  (mtoi'i,  in  I'urwnrd  lire. 

iin  SH)  per  cent,  can  noenr,  and  It  nIioiiIiI,  tlicrefore,  lie 
taken  Into  account, 

A  final  point  of  intcrcNt  In  tlm  iierohulllatle  dTcct. 
on  flic  dlapcralnn  pattern  ciminwI  by  the  viH'Intlnn  In 


I, ft  NUMMARY 

Heel  Ion  1,1  dolluca  iktoImiIIInMcn  lndlri'clly  by  Mini* 
triiNthig  certain  point*  coinmcted  with  fire  frmn  air* 
bnnm  gmiN  with  IScpin  In  nlnaalenl  nxfnrlor  ImlllNtlcN, 


i 


CONFIDHNTIAI 


SIMMAHY 
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Section  1 ,3  derive*  fitnmiiuM  fur  the  time  of  Hi|{ltt  Hoetlon  M  concern*  it*clf  with  Urn  mlomsnophi 
of  a  projectile  ns  a  function  of  direction  of  fire,  iiumo,  mot  ion  of  it  Unllct  wltlt  respect  to  tim  mer,u  tmjcctory 
altitude,  airspeed  of  the  gmi  mount,  ballistic  eoefll-  of  the  previous  Neut-loiiH.  Tim  phenomena  of  damping 
dent,  and  muailc  velocity,  Two  coordinate  systems  of  yaw,  windage  Jump,  and  drift  are  discussed  In 
are  used:  one  fixed  in  the  air  inns*  and  the  other  elementary  terms, 

translating  with  the  gun  mount,  Heetlon  l.A,  dealing  with  dispersion,  indicate*  the 

Section  1 ,3  work*  In  the  coordinate  system  relative  relation  lietwoon  pattern*  determined  by  ground 
to  tiie  gun  mount  ami  deduce*  various  expression*  for  (Irion*  ttml  patterns  arising  under  air  filing,  The 
the  ariKidar  displacement*  of  the  projeetile  from  the  pattern  I*  described  by  a  circular  (hiiisslan  dlstrlbu* 
bore  axis,  These  displacements  are  the  lateral  and  that.  llurmuniaalkm  of  gnu*  and  Hue  of  sight  Is 
vertical  ballistic  deflections,  mentioned  very  brietly, 


•f 
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Chapter  2 

DEFLECTION  THEORY 


2.1  INTRODUCTION 

2.i.t  Definition  of  Deflection 

IN  Alii  wurfnre  linl li  t lii*  Kim  pint  1‘n cn t  unit  l lie  tiu'jnH 
move  ut  liluli  h|i«m<iIm,  nfleii  nl  npeedn  up  In  mie- 
fifth  of  I  lint  nf  tln<  prnji'i'illft  Iii'Iiik  uni'il,  The  Iduli 
Npi'i'il  nf  tlu<  iiiniiiit,  I  liken  mi  hy  tim  Imlli'l,  rfniillM 
In  mi  iippi'i'i'lulili'  imidc  lietuieii  the  Imre  iodn  iiml  the 
illl'i'i'tiiin  nf  ili'piirtiire  nf  the  pi'iijeei lie,  mill  the  liluli 
npeeil  nf  the  Puget  meimn  flint  It  will  Mime  n  1*1111- 
Niili'i'iil tie  illHlnnee  1  Iniinu  the  lime  nf  lllglil  nf  the 
HiIhkIIi'.  In  mil  I  it  Inn,  11  Imlli'l  linn  tin  nun  I  miIIIhI  ie 
ili'tleetli him,  For  lliene  three  rennuliM,  In  eider  In  iililnili 
it  lilt ,  the  Imre  iinIh  11111*1  hnve,  In  geiiernl,  tin  niifciiln r 
illnpliieeineiil  fiinii  the  line  eumieet  lug  gnu  mill  Inrgel 
nt,  the  itiniiieiil  nf  lire,  Thin  it  mile  lietwceii  Imre  itsln 
Mini  giiu-turget  line  In  enlleil  the  ilvlhrbion  nr  the  Ivml 
(even  If  It  In  u  Iiik )  nr  the  ui'imiif/  1  tlloivmiir,  The 
llieury  nf  uerliil  gunnery  In  ilepeeiieuf  nil  11  preelne 
Hint lieinul lent  itreuuitl  nf  deticetieii  Hlieetiug  Hurh 
1111  iieeiituil  in  lit  hultd,1*  mill  It  In  the  pui'pone  nf  thin 
I'liiipler  tn  review  eniiipuetiy  thin  nynleiiintle  tlienry, 

2,1.2  Three  I'roiiicitin  of  Defleetioii 
Theory 

The  prnl ileut  pill  tn  ilelieelluii  tlienry  In  threefnhl. 
I’ormitlnn  denerihlug  perfeet  hIiuiiI Iiiu  numt  lie  ile- 
ilveil  In  nerve  lint  only  further  ntinlien  lint  nlmi  In 
wlipply  it  niirin  Mgulunt  which  llievltiilile  eniiipruiulnen 
Mini  iippruHlnuitluitn  limy  he  helil.  !''oriiiuinn  iiiunl  lie 
put  In  11  form  imteimhle  III  11,  euiiiputiitiuii  which  in 

hiitli  rnphl  mill  11 . mile  mu!  which  him  im  liipntn 

le«;ll  limit ely  n  vitlliilile  1  In  In  Fluidly,  the  furiiiiihm 
liiunt  he  In  it  flint  1  tu  illilleiite  niillalile  iiieehiiiilKittluii, 
An  It  eniuiihieil  esmnple  nf  the  hint  twit  puliltn,  legit  I- 
ninte  1  In  I  it  urn  tluine  tiieiiMitriiliie  hy  the  gun  phHiunn 
nt  I  ho  iimtiinl  of  lire  mid  neenrdhigly  nviiilnhle  In  n 
nuggented  meeliHliIttitt  Inn  (fire  emit  ml  nyntem), 
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2.1. a  Condition*  for  Validity  of  Theory 

In  put t Iiik  the  theory  of  thin  elmpler  In  work  for 
miy  mil  nut  Inn  nt  her  l  him  nlr-l  n-itlr  (Ire  wit  h  prenent, 
11  mini  in  it  h  in  nt  prenent  tlity  ruiigen  (up  tn  1,000  yd) 
cmitlnii  111  unit  he  ulmervetl  fur  lliren  minium,  It,  in 
iiHNiiuieil  Iiml  Kim  pint  form,  liirget,  mu  I  prujectile  lire 
nil  In  the  Mimic  nlr  niiinn  which  In  In  nniineceleruteil 
motion.  Thun,  fur  it  ground  (urge)  ur  n  ground  unit, 
further  eiiunhlerntloii  numt  lie  p;i ven  tn  the  effect,  of 
tlie  Hint  Ion  nf  the  nlr  innnn  with  ivnpect,  tu  t  Iim  Krtitiud 
In  the  necniu!  iiintuuce  the  iletulleil  I'oiineipieneen  of 
vnrlnim  fnriiiillnn  will  unimlly  empluy  a  Ihree-lmlven 
power  renlntniice  Imv  fur  the  liullet.  C'hnpter  I  Inin 
Imlienteil  the  ruuge  of  liullet  npeeiln  iimler  which  thin 
Inw  In  nppruprhite,  When  theme  euinlltluiin  nre  vlu- 
luted  the  more  exiiet  Hlneel  l reuluieui  nf  the  trim 
jeelnry  muni  lie  lined,'**  Fluidly,  III  numt  uf  thin 
treul meiil  It  In  imniiuied  that  lutlletn  travel  III  nt  might 
linen  with  renpeet  to  the  nlr  uiiinn,  Thin  iiientin  tliut 
Ki'iivliy  drop,  wlndngc  jump,  mid  drift  ere  con- 
nidered  hiiiiiII  enough  mu  tlnit  they  limy  lie  uceotlliled 
fur  Icrmlnnlly  hy  llneur  nuperpunltlmi 

s.l.t  'I'he  1‘erfeel  liullet 

In  itenerid,  In  iierlnl  gunnery,  euch  liullet  uf  n 
Imrnl  reititlren  n  perm  mill  detlecllnii  dHTereul  from 
thnl  ul  lln  I'ellown  heeiiime  nf  the  entitliuiuitnly  ehmig* 
lug  cniidlthuin  nf  tire.  Thin  elmpler  dcidn  with  tut 
ludlvldiiiduiid  perfeet  liullet  under  getierideoiidlUoiiM 
uf  lire,  ( 'niinlderuliniin  nf  dinperniull  Mild  ill’  prithn- 
I'illtlen  uf  liltn  nre  neeennnrlly  del'erred.  The  target 
In  11  pnlut, 

2.3  NONACCKUKRATKD  TAItCF.T 

COi'I.ANAH  Wl'l'll  MOUNT  VKI.OCITY 

•  ilnt  I  Hiittle  Formula 

The  pluiie  determined  nt  any  limtnut  liy  the  punl- 
t inti  uf  the  lurget  mid  hy  Hie  niuimt  veloelty  In  etdled 


CONFIDF.NTIAI, 
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thn  mutm  us  (lip  noiclo  off,  r,  And  dm  hjipmI  of  lint 
figlib’i'V  lurgct,  Dr,  In  tin*  Hpof'd  v,i  nf  tlm  bumlmi*. 
Finally,  tlm  avnmgii  volm'lly  i!  of  dm  IIkIi tnr'N  biilh't 
i*  approximately  (t(,iiu|  id  tlio  pm|mllnnt  mnctlc 
vehmity,  p„  of  dm  bomlmi’*  Inillnt,  mIiipm  tint  hIiiw- 
•linvn  of  (fut  flghtur*  build  In  (>inn|miiHiit<*d  fur  by  Itn 
imgnmnltxl  velimlty  of  depart  iiif,  (kiimeiiimntly, 
rou f/h if/,  in  a  dad  bdnren  «  Jlyhter  anil  n  bomber,  thn 
Imln  taken  are  equal  in  rite  and  a)ifmeitc  in  mm, 
Tint  refbmmi'iitH  hit  explored  In  dlmpiei*  H  mid  I, 
mill  dm  theorem  in  put  to  prm'tleid  one  In  H««>tl«ni 
7,3.4. 


2.2, it  Trio  klou  Kafr  KormiiiHlInn 

I'ormnlii  (1)  Ih  uni  adapted  In  merliniilitelioi;,  It 
rpitnh-PM  nn  entimiite  nf  <ip|inweli  angle  which  (•111111111 

lit*  nnnl«*  I . mutely  (‘mm  tin*  kimi  g iln t k nm  by  exlnllou 

ilcvli'i'H.  It  iiImi  linen  tln>  unknown  billin'  miiKo  In 
clftoniiliiliiK  lln>  nlowdnwn  fm'li if.  rinnlly  ll  In  phhI«*i' 
niiH'Iniiilciilly  In  iiicnniifc  t lit*  iiiikIc  between  mianit 
velocity  mill  llii'  Intii'  nxln  of  t In*  gnu  rut h«*i'  (linn  din 
HHKIi’  r.  It  mci'Iiih  I'l'iim  mu  bln,  In  iimctlng  iIicmo  llnnn 
object Iiiiih,  In  win  k  In  n  reference  nynlmii  (I'liimlndiiK 
wltll  dm  iniiillit 'n  velocity  nt  (Im  hinliiiil  ill’ll rn,  In  diln 
rnlnllvi'  reference  nynlnnt  dm  platform  vnlnnlly  In 
Klvcn  *'i  dm  target  In  n  reverne  neiine,  When  diln  In 
<lon«>,  it  In  evident  Hint  tlm  angular  late  w  of  tlm  gon- 
tiilgct  linn  In 

<*>  **  J,  (Do  Mill  r  —  I'T  Milt  (»), 


of  L  ni>tmrn  In  Hcctliui  ft.lift.)  A  girofiiliiry  dlmnwlnn 
nf  dm  Imimi'tunt  formula  (4>  I*,  howiivni',  Iri  order 
at  thin  placo, 

2,2,1  Klntmiutlo  und  llnllf attic 
lltHiompoidtitm 

I’n  proceed  oblli|imly  with  tldn  illmuiwiloii  of 
forimiln,  (4),  tlm  analogue  of  Figaro  I  In  nhmvn  In 
Flgum  3  wlili'li  1  men  1,1m  reference  nyntnm  rolatlvaTo 
t  lm  Kim  mount,  In  Hint  figure,  vH  In  dm  rrlutlvo  target 


'  »  THt  tMltlT  HANOI 
0  I*  TH*  rtlTURI  HANOI 

I  nil'MH  2,  I  Mincl  ImiN  I'lililllvt1  In  I  Im  mill  liMtlllll 

n|inni|,  wlilcli  U  dm  vi'ntof  moo  id  iv  und  — e«,  and  \f> 
In  tlm  approach  iuikIc  of  dm  relative  pHtli.  In  tlm 
iilinnni'n  of  luti'i'id  bidllntli'  dnilccdnii  (trail),  tlm  mm 
pohttM  (It  T/,  mid  tlm  i'ni'ii'N|)i9inlliiK  idmliiK  allownticn 
Ak  In  calli'd  dm  kinematic  defection.  Hut  tlm  tm* 
Ji'i'tory  I'lifVi'H  rearward  wlmn  viewed  from  Imldiul 
tlm  Kim.  Ilmmn  dm  bidllntli'  corri'i'tlno  A*  ninnt  Im 
mmln,  univlty  ImliiK  imKlm-lml  ul  tldn  point,  In  tliln 
nyntnm,  dm  total  ib'tli'i'tion  In  cxiironncd,  limn,  III 
tlm  fomi  "* 


AUK  ,  .  , 

*T  tMIS  HOINT 


will'll*  r  In  dll'  />rrm  nt  mn/ir  nr  fiuiKi*  at  tlm  Innlnnt  of 
life.  Willi  tliln  f'lii'iioda  a  m it  Im  ri'iiinvnil  I'rinn 
«'t|iliit bill  (I),  tliiin  iimnlluK  tlm  Hint  objci’tlon  abovn. 
Tlm  mniilt  In 

flu  A  m  <1  --  /  * '  min  r, 

fn  f,i 

wlmrn  I  «■  q  —  I,  To  incut  I  In*  I  lilnl  obji'i'tloii,  take 
y  *■  r  4-  A,  wlinin  y  In  dm  uiikIi'  Imtwnnu  iimioit 
vi'loi'lty  mid  tlm  bofn  uvln.  Tlmn 


wlmht 

nln  A  "  f,„w 

b  nln  y , 

ill 

und 

m 

D 11  - 

t 

/1  nr»  ■ 

<*  1 

A  *•  At  -  Ai„  (7) 

ll  will  Im  npprcchitcd  that  (bln  dnHci'tlnti  muni  Im 
tlm  nanm  an  tlm  ih'llcctliiii  given  by  iMpititloii  (4).  A 

. . .  Idi'iitltli'iitlmi  uf  i<i pm t |i >ti  (7)  with  •  *1 1  im t loo 

<  I* «'«»  I'"  Hindi',  Khun  I'Ikiiii*  3  It  fullown  Hint 

mill  nlll  41' 

Hu!  aw  «  i'n  nln  f  and  Wt,  «■  r,  Ib'iicu 
nlll  A 1  "*  ^  , 

b'"  >’  dm  iHi'nm,r  *| mi'i I  of  iiu  IiiiiH  ovi*c  (Im 
!l"  '"  <»  1  1  af  in  0  i"  i'  bb  ii  miniibii  v 

li'OKtlm  r  amt  1,  laito  bran  iiiitiiinii'i'd  ll  in  ram  In 
alma  dial 


t'n  Id 

Tlmwmond  olgc'cilon,  aotmi 
I'hiiko,  ninnt  Im  di'iilt  with  1 


ff'i  ll‘„  run  p*  |  f’l-fv  nlll11  y, 


n||l  At, 


Id„  «ln  y 
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Hilt  (hiii  flu  7)*  la  of  negligible  »l#e  comparon  with 
(iV)  -■*  h'u  cum  y)*.  Hone*'  f/P  may  lie  replaced  by 
(i>n  —  ItUi  con  7) ;  mid  Milupio  mibMtitililun  now  lilonth 
floss  miimllnim  (7)  mid  (4)  l>,v 

A*  *»  lmui,  Ai,  »  h  sin  7, 

provided  wlii  A*  nml  mIii  As  hit  replaced  liy  A*  nml  As 
»H«iiMiiml  In  miiiiniM,  nml  com  A  Im  iakon  to  lie  unity 
in  (ir|iintlnn  (tl), 

2.2, ft  Tbm*-of-Flltfht  lViultl|»lli*r 

TliiM|tmntlly  /,„ uf  ci|Uiill<m  (5)  mIioiiIiI  Im  examined 
doMcly,  ll  Iiiim  (lie  illmciiMioiiM  of  lime  lint  mIiico  ll  |m 
pi'OMent  rmiK<*  illvlileil  by  menu  veloelly  ovec  future 
range  It  Iiiim  no  direct  pi ivwlcnl  iiieniilntt.  It  Is  enlleil 
the  -flight  m till! i>iivi\  We  limy  write 


where  P,,  Im  menu  velnelty  over  prcMcnt  inline  nml  Im 
the  time  of  tl  Ik  1 1 1  over  prenenl  rmige,  If  the  rein  1 1  ve 
motion  put li  Im  InenmlliK,  he,,  />  <  r,  It  I'oIIowm  tlmt 

11.,  r  <  I  mill  I,m>  Im  mIIkIiIIv  ton  large  11  kinematic  <|e- 
tleetlim,  The  revewe  Im  true  If  the  relntlve  iiiotluu 
pill  It  Im  receding. *"  In  11  iiieHin olmi t It m  < lewluriKo I  for 
nll-iiroiniil  ime,  the  IuiIIImIIc  computer  woulil  wlmply 
tiiiimhite  proMMil  range  Into  preMeot  time  of  lllglit, 
Hut  If  the  tnetlcnl  elreiniiMtioiceM  were  miicIi  t lint 
target  m  were  ill wiiyn  clnxlhg,  11  correethm  lector  mIiouM 
lie  upplleil.  TIiIm  Im  11  Hint  nml  wliupli*  example  of  11 
ImimIc  principle  hi  lire  control  theory,  The  tlmenif* 
lllglit  multiplier  neeil  nut  fit  miy  purtleitltir  biilllwtln 
tnlile  lint  mIioiiIiI  lie  ehoMeii  iin  11  function  of  range  in 
Mitch  u  way  om  to  opt  Inline  performance  over  im  ex* 
peeleil  Met  of  tnetleiil  hIIiiiiIIiiiim," 

2„t  ACCI  I.IlHAIKIt  TAIU.KT  COPMNAH 
WITH  MOUNT  VKMMIITY 

3. . 1.1  Deri vnl Inn  of  Aeeelenilinn 

(lorreelloii 

Kor  the  tnetlenlly  Importmit  rune  of  mi  iieeelernteil 
t ui'Mct ,  which  menu*  a  cnrvcil  |inlh,  11  change  In 
upend,  nr  Imth,  the  fortmiliiM  of  the  prevhitiM  Meet  inn 
nniMl  lie  mncllllcil  hy  the  iiililltloti  of  11  cnri'ccthiii 
term  If  the  rhonl  of  (lie  be'gcf'M  piith  Mcgmciit,  from 
T  to  7'/  make*  mi  angle  ft  with  the  gtnMnrget  Hue, 
mill  If  the  average  Mpeetl  of  the  target  over  llilM 


Mogmeni  Im  cr,  then  eipmtlon  (I)  may  apply  mid  In 
written » 

win  A  »  1 "  Mill  T  —  U  ”  Mill  (», 

1'ii  Cl) 

where  h  *»  TT//I/,  Conceptually,  the  actual  target 
Iiiim  been  replneed  hy  mi  n (id valent  aim,  iim  fur  a» 
Impiiet  Im  eotieei'iied,  whiwe  approach  angle  Im  the 
uvernge  uppi'niicli  angle  of  the  actual  target,  An 
CMtlmnlc  of  Pr  Im  given  hy  (nee  Heat  Ion  2,4,2) 
h  m  Vv  4*  Jf/  •  lie, 

where  c r  nml  fy  lire  evnlinited  at  the  iniiment  of  fire, 
If  one  iiMMimicN  I  lint  flic  elmtige  In  path  curvature 
Im  not  rmlleiil,  over  I  lie  I  linen  nf  (light  euiitemplnled 


IC  •  X 

tyi* 

Fmciia  it,  Thi<  tleioK  |*«r«llcti>groin, 

and  IIiIm  Im  a  valid  iiMNumptlim  tint  target  may 
he  tu  ken  tu  move  In  a  circle  at  coUMlatit  Mpeed  Pr  and 
to  turn  through  1111  tingle  2fft  -  »»)  during  //,  If  Mm 
migiihir  rate  uf  change  of  the  target  Im  ur,  the  uuglo 
through  which  It  turim  Im  mIhu  wr  •  /,  mid  mii 
«»  "*  «»  *1*  Jwr  •  I/, 


( 'miMei|iieiit|y  the  ilelleelliei  forimdu  heeutneM 


Mill  A  *■ 

V"  will 

I'll 

I'r 

T  -  1/ 

4  JiV 

I'll 

win  (0  4  \u>r  <  1 /)  , 

III' 

win  A  *« 

I'll  , 

mIii  r 

c„ 

er 

~  K 

mIii  u  —  $1 ft, ft,  (Ha) 

where 

i'r 

ft  ■»  • 

i'ii 

will  (0 

-1*  Jw-|  • 

b) 

2cv  T  win  fc*  4  \wr  •  It)  —  will  n 

+  *.  L  I, 


mid  n  Im  approximated  hy 

|ly*  |l|i 

//  m  »hl  D  4*  M1M  I*.  (8ll) 

i'ii  I'd 

*Tn  follow  Mils  ilfteiMoa  hy  Hu  toe,  mollify  Figure  l  hy 
ilritwitig  na  «rn  tiiruiigli  T  itail  ft  hiiiI  fittmlng  hum  aver  <* 
nml  I'f, 


CONKIlWNTIAh 


mw.iiurrioN  tmkohv 


If  It  l«  aaanmed  tlmt  the  gun  mount  Ih  moving  at, 
uniform  velocity,  Hum  /•„  •  0,  Hince  }  -  u,  It  follows 
from  the*  physically  evident  min  relations 

ru  «  v„  sin  r  -  i'r  sin  a 
-}'  m  i'u  cun  r  4-  I'r  tuts  n  (f)) 

«  «  ur  - 


1’iit,  us  above,  M  m  rV*  mul  expand  M  In  a  Taylor's 
serins  u  I  mu  I  I  »  0,  Then 

A  ■*  (M  -f  lift  -f  * *  >)>U 

■*  \(Mt/  4-  \Mt;  4*  ■  ■ 


MIMMT  rMllt  soiitim 


where  At  Is  the  unyuhr  mmentmi  r*u  of  it  tm'get  of 
milt  muss.  [Formula  (It))  nitty  tie  verified  Ity  enleu- 
ititliiK  the  derivative  of  rV]  With  the  alii  of  formula 
(tO)  ami  the  first  equation  of  (ID,  ei|tiailon  (7>  call 
he  written 


where 


sin  A  h^lu>  —  l  1/1  sin  r 

•’ll  I'u 


/  |  I  f/  '  M 

+  'i\t 


Finally,  ns  in  (he  derivation  of  nipiotlmi  (1),  ime  may 
take 

sill  A  »  htmu  -  ft  sin  y  (13) 

where  (he  tliiMHif-tllght  imiltl|i|jer,  and  ft,  the 
lailllatle  detleetlou  fuetor  for  Iteuiii  lire,  are  exactly 
ns  In  eifimt loiiM  (ft)  mill  (ID,  Concept)  tolly,  equation 
(12)  Is  i(i i if o  iiniinrtiiiit,  It  shows  Hint  detleetlou 
formulas  for  an  aeeclernted  target  eau  he  oMniheil 
from  those  for  a  turgid  In  uniform  imitlon  Ity  amllh 
plyhiK  the  Ilme-itf-tHgM  multiplier  Ity  a  (non- 
constant)  fuetor  h,  hi  the  deslitn  of  eye*shooHiiK 
systems  mid  own-spi-ed  sights,  nail  In  thc'cullhrntlmi 
of  lend  computing  sights  this  Is  deeislve, 


a  fPCZl]  A*'*  HIMKMATie  // 

JUTOM  TASdlT  *OimoIT:0  T, 

AtkATlVI  TO  DUN 

Foil  mk  4,  Aeeelo rated  target,  relative  In  gtui  mourn, 

where,  now,  Af,  /if,  . . .  are  evaluated  at  <  «■  (),  Hlrum 
(/  Is  small,  terms  of  the  Hill'd  and  higher  orders  may 
lm  negleeled,  An  Independent  evaluation  of  the  area 
.1  is  given  hy  the  area  of  the  triangle  (ITT,,  slnee  t, 
Is  small  and  the  piitli  eiirvalure  emmot  he  large  for 
liens  ly  on  loir  reiisoiis,  The  area  of  the  triangle  Is 
A  m  \i'D  sin  A*, 

When  this  Is  eiinated  to  the  previous  . . . 

finds  llial 

sin  At  «*  ht„ w,  (|||) 

uhere  the  letters  have  the  same  meaning  as  In  the 
''iirller  discussion,  Fluidly,  slime  the  argument,  lamed 
on  Figure  ,'J  uses  only  the  Impael  |iollit  and  Is  not, 
concerned  with  Hie  turgid's  meanderliigs  hi  reaching 
lids  point,  It  implies  Immediately  here,  The  Idonth 
flint  Inn  of  the  air  mass  coordinate  formula  and  the 
klhemilMe-lmlllsfle  deeomposlfioti  Is  eomplete, 

si  'll  IK  <;  f:\f.hu,  tii  fioh  v  of 

min.FcnoN 


3.1.3  kinematic  und  Hulllstle 
Dl'I'OllljlllHltloiS 

To  parallel  the  discussion  of  Meet  Ion  2,3, 1,  the  situ¬ 
ation  here  may  he  eoimldered  In  the  rel'erenro  system 
relative  to  j  he  mount,  This  treatment  ciuplinslxcs  the 
role  played  hy  the  angular  momentum  of  (lie  target 
mi  Its  relative  path.  From  Figure  4,  if  Is  evident  that 
tlm  n ren  A  swept  out  hy  Hie  gumfnrge!  line  (luring 
Hie  time  of  flight  of  the  Indict  Is 

A  •*  n  I  r^hft  m  l  eWf. 

2  ./(i  3  du 

CONF1F 


8,1,1  K#Iwm|«|  ComlitloiiM 

A  general  trenlineiii  must  permit  the  gun  utouut 
and  Hie  turgid  to  move  In  urhltrury  spare  pm|IH,  It 
must  also  allow  (lie  laillel  hi  move  In  a  vert  lea  I  plane 
mllier  Ilian  Ip  a  straight  line,  For  the  first  require- 
meat  it  may  he  said  that  Hie  paths  are  smooth  In  llm 
analytic  sense  and  enrvo  gnu  had  I, v  lit  the  Die  Heal 
eeiise,  Hy  Impllealloii,  one  will  not  he  emteorned  with 
derivatives  of  the  third  mid  higher  order,  tinder  Hie 
seroml  requirement  gravity  drop  Is  permitted.  Al¬ 
though  deviations  normal  In  the  vertical  plane  tlmt 
eon  tains  the  direction  of  departure  of  the  hullet,  are 
not  permitted  here,  the  methods  of  the  section  may 

IINTIAI, 


rn milt  r 


*  ■  V*  J  x 


^  iwwwlifiij  nliouM  mlisHlIon  of  tlio  future*  roqulro 
fnimhlpriiMoii  of  mmli  MikvIuf,  For  the  IlirotHlImon* 
Mloiiltl  Mltiiallon,  tlm  evident  took  tile  vector  algebra 
«»ul  vector  ralaiilitn.Hh.iM  Thn  method*  „re 
ticulnny  applicable  to  support  fire  MltimthoiH  nod  to 
aerodynamic  load  pumnlt enrvo*  (Oliapter.1),  Finally, 
nliu*o  tl.n  mo tli< hIh  am.  vectorial,  HpceJglliaithin  to 
viu'Ioiim  cnorrliiwta  Ky*tom*  i.omwpondlng  to 
tinulur  dooompn*Ulon*  of  deflect  hm  |*  readily  neonm- 
plwlmd, 

2. t.s  Dorivutloti  of  Gonontl  Formula 
l»y  Vorlor  Method* 

Iti  ill.'  air  iimmm  tin.  trajectory  jH  iIomoiII h>< I  hv  it 
vw-toi’i*  R  oiMilioetod  to  tl.n  Hli.ool  vectora  P  ,i,„|  Q 
(hoi«  Hoot  lint  1,2,2)  hy 

R  "  P  +  O' 

r  III'  I  lie  gun-larget  vector,  lot  v„  mid  v,  ho  (|„. 
voioi’itloN  of  mount  mid  target,  mid  lot  v„  ho  t|,o 
|»i"|M.||i.i,f,  niinntto  voliH'lty  (In  the  direction  of  tlm 
hoi’o  i»nIm),  All  voi'toi’N  urn  function*  of  time  mciiHurod 
I  mm  tho  hiHtiint  of  tiro,  In  tho  nlr  iiuihh  rnforonoo  1 
ayateni,  olio  iv r|t oh  triangularly 

Xi/  I 

Vrdf  «  R,  (it  ' 

Holding  IIiIh  rein  I  Ion  hi  ichoi-vo  for  tho  nionioiit, 

'  Vr,v  "I'Horvo  Hint  tho  Imro  iivIh  Ih  |)li,r,'i|  hi  i 
hy  rotntlon  from  tho  gun-turgot  lino  I 
throiiKh  tho  ii|i|iro|irlnlo  loud  nuglo.  Mot  thin  rotn-  \ 
tlon  HiigROKiH  Ihn  roinoHontiitloii  of  dolled  loan  hv  o 
iooIoi’h  |)or|*oiidlriili(r  to  tho  lioro  axl«  and  to  tho  ii 
giuMnrgot  lino  mid  liotioo  ImpllcH  oiomh  product*,  Hy 
dolhiltlon 


whorn  ,,  -  t7  -  P/b,  and  bfr  -  C/f,  Upon 
iimltlplieiitlnu  |»y  </  there  imIhon  *'b 

Vm  ■>  -Vo  4  t/Vr  -  W  4  jtt,  (|f() 

;^rr  w  7  ,h"  mw"  pmditot  of  oqimtion 

(III)  hy  r/r  mi  tin.  loft,  Ih  lakon  It,  follmva  that 

*!!  •  \,I  -  qif  4-  X„,  (|-j 

a  horo  tho  lint  In  equation  (15)  Ih  now  extended  hy 

X,  _  vr  x  r  -  r,. 

A?'  ■»  • — -will 

IT,,  |'n 

«  *  r  u 


v,.  h  r 


Vr  k  r 


A..  •“  nIii  A 


Pf 

hr  -  kIii  o. 
On 


Now  tin  «  v,i  •+  v„,  and  u„  »  «„p  /*,  |i,,„oo  from 
equation  (M) 

j  +  vr  -  1  (Vii  4  Vtf)  4*  ^  ' 

'•Tlifi  ,l„i  ftmluri  nf  venter  A  I >v  H  mi,,,  A,  * 

7a  t7n  9  In  St lloaA  '*  7'"  f  »"«*  *  Tt.o  vL'irJu.i 

*>7'  a  mi  t  wiR.1 


am  wlioiv  o  Ih  tho  avoriigo  appronoh  angle  ovor 
,  ,'i"1  /  Ih  'l",  »»»«•«'  hotwoon  r  and  I  ho  trim  vorlloal. 

,  <I7)  nmkoH  prooiHo  kiii'h  Intuit  ion  almnt 

,  ,l','  1,1  'I"'  *"»al  load  and  Hourly  roihmoH  to 

|  *<l,i«fl'("  (I)  for  tho  IwiwIhnoiiHliami  oiiho  without 
gravity. 

To  ohlidn  tho  aiiproprlato  gonoriditnitl.ai  nf  oqim- 
‘'""  'II'.  omiHidor  Vr  In  dolnil,  A  good  (,,,pmxl- 
niidhai  to  vr  U  given  Ity  tho  osiiithhIoii 

V>  «.  vr  4  Jt/Vr, 

where  vr  and  v,.  are  ovah-atod  at  /  «  t),  TIiIh  ih'Ihon 
'•v  ’“King  Mtiia.  torniH  hi  tlm  hoHoh  oxpaiiHlon  of  tlm 
vector  giving  (argot  |i«a|tioii  with  roapoot  to  arlgin 
of  the  air  nniHH  ooordlnatON,  (IHTofontlitllng,  and 
integrating  from  t)  to 

Torn  now  to  the  rel'oronoo  Myntom  rolntlvo  to  thn 
gnu,  Tlm  volnolty  of  fho  farget  In  IIiIh  Hyntom  |h 
Vi,  *»  Vr  -  Vi/.  Tho  lingular  iiioiimnlinu  of  milt  inanH 
a'  the  target  |«inlt inn  Ih 

M  -  r  x  r  -  r  n  yHl 
and  lln  derivative  Ih  given  hy 

M  «  r  x  r  .  f  k  v*, 

1,1,1  y»,l,",lt.V  w  nf  the  gnuHarget  Him  Ih  oot»- 

i mot o(l  t(t  M  hy 

M  m  /'“W, 

Uwlng  iIioho  lelallotiH  one  IIiuIm  tlmt 

v*  x  r  "  — M  4  m,k(/  -  4 

whore 

.  ,  v«»f 

f\ti  MW  I 
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Finally,  Kiilwtitiithin  hi  otpinMun  (17)  ylnliU  tlm  vuo- 
tor  analogue  of  initiation  (II) 

Aa  *  [  I + **'  ft  ]  r  - /k,/  -  ***** + *-•  c w 

(Tho  form  Involving  \f)  itmutiK  flint  ummlomtod 
momil  nwitlon  !w  pormlflod,)  All  ipiimtltloK  In  nqnii- 
flou  (19),  oximpt  th  iiro  ovulimfoil  at  tlm  iiiKtant  of 
firo,  Fint liornioio,  tlm  effoelK  nf  aimolomtlon  urn 
explicitly  exhibited  In  mmmnf  him)  direction,  ICipin 
f l‘>ii  (19)  oiiii  In*  rognnlnil  iw  mi  exprcKKlmi  nf  miltnlilo 
gonei'nllty  fur  nil  ffrn  omitrul  iijiplioiitluiiH  contain- 

piaioil  In  tlilw  in . nut  Tlm  tonlinlniil  cukc  with  which 

If  l«  olifnllioil  l»  noteworthy. 

-’.1.3  S|M«»*lnI  Coordinate  System* 

In  l In*  nppllniifliiiiM,  fiuim iIiih  Kill'll  ii k  (If))  niUKt  Im 
o-NproKKoil  In  piirtli’iiliir  I'uiiiiliiinin  m,vkIi'Iiik,  Tin*  1’iiiir 
iikikI  common  k,vkIi.hik nro  (t)  mcimiilh  mu!  olovii- 
llmii  (2)  Klglil  olnvnlloii  mid  irnvni'Mo,  (H)  gun  nlo* 
vitflini  uml  IriivorKO,  nml  (■!)  purnlli'l  uml  pcrpcudlcii- 
liir  In  flu*  | limn*  uf  ni'f Inn , 

III  till*  fll'Ht  K,VKll'lll  II  hlKI'lngO  IIxIk  mill  II  Whlg-Hpllll 
iivlHili'lormliio  mi  miltimlh  plain*.  Tin*  olnvntiim  pliiiic 
Ik  pcrpcndlcitlm'  In  flu*  nxtiiiiitli  plntin,  Tin*  gear 
K.VHiom  nf  tin*  iikiiuI  tiirroi  imt  only  IlhiKtrutoK  iIiIk 
h,vkI citi  lint  kIiowk  ( Iml  lhi<  iixlnitit It  plum*  iIiiok  mil 

iioi-OKKiii'lly  1*1111(11111  (I . .  volunlty  voofnr  (tin* 

•ili’i'inft  may  Im  Ilyin#  ntwo  I iIrIi  nr  imao  Imv)  nml  flint 
*eulth  In  flu*  K.VKfoni  Ik  mil  iii'i'OKumlly  (In*  mailt  Ii 
"'If Ii  ii'Hpool  In  flu*  oil rfli  (flu*  iilri'rall  may  Im  diving 
nml  turning),  If  l  Im  it  unit  vector  In  tin*  I'nrwnril 
‘lli’i’i'tlun  nf  tlm  fltKohigo  iinIh,  If  K  Im  a  unit  vector 
<11  root  oil  uni  tvunl  iiIiiiik  tin*  hi  ml  mu  ii  I  win#,  if  J  I*  h 

milt  voolnr  till . tod  upward  with  ronjH'ot  In  (ho  olr- 

oiii ft i  mid  If  ri  mul  v,lt  nro  unit  vootow  In  tin*  . . . 

tlmiMiit  gun-1  nrgel  Him  nml  Imro  iixIk  roK|ioi'llvoly, 
tlmii 

fi  “*  (I  oiw  ,*l  +  X  kIii  A )  oiik  A'  +  J  kIii  A' 

Viu  *■  (I  oiw  /!«  +  K  kIii  .I,,)  oiik  A'n  4=  J  nlu  A',,, 

whoro  A  uml  .1,,  nro  nxImiitliK  In  tin*  KyKtoiu,  uml  l<! 
uml  A',,  an*  nlevnfloiiM  (uf  gun-turgot  lino  mid  Imro 
iixIk  roKpootlvoly),  Tlm  nxlmutli  loud  mu!  oloviitlun 
loud  a I'o  given  liy 

Au  «■  /In  ~  A,  A«  »  A'n  —  A'. 

!*’"•'  tlm  wound  (ulgltl.)  nyKtom,  lot  Im  tlm  pimm 
ciiiitnliilng  r  and  porpoudioiilnr  to  tlm  nxlumth  piano, 
and  lot.  if  mo  l»o  tlm  piano  containing  v#  ami  (wr- 
poiidloular  to  If  c  Ik  a  unit  voofnr  along  lliu 


luterxoctlun  of  therm  two  plarm**,  thou  tiia  angle  ho- 
t  vvimn  ri  ami  c  In  oallod  tlm  night  elevation  load,  A«, 
ami  tlm  angle  between  c  ami  v,,,  Ik  oallod  tlm  ulght 
Iravoi'Ko  load,  Aw  One  has  tlm  formula* 

Kill  A  MV  *»  Kill  Aa  OIIK  Kit, 

kIii  A'l,  •»  <nw  A. ir  Kin  (A1  4*  An#), 

Tlm  third  (gun)  systom  Ik  Klinllnr  to  tlm  sonand  in 
that  whk  Ik  a  plmmi>ottfainlrig  v(, and  porpondloular  to 
♦  ho  axlimtth  plain*,  ami  t«r  oontahiK  r  and  In  par- 
pomlli'iiltir  tu  ir,,/?,  Tlmn 

kIii  Anr  ***  kIii  A  t  oiw  A', 

kIii  A*  oiw  Am- kIii  (A’,,  —  Atm), 

Tin*  1 1 hi rt h  (piano  of  notion)  aynfoiu  iikok  a  piano 
ir  I'outalulug  v,i  uml  r,  If  ir„  Ik  a  piano  ooiituiahig  Vu 
mid  porpotidli'iilar  tu  it,  nml  If  c  Ik  a  unit  vm-nii*  do* 
lormluod  hy  I  ho  liiloi'KoHiini  of  IIioko  two  phmoK, 
•hon  tin*  miglo  An  hot  wood  r,  uml  c  Ik  oallod  tlm  load 
in  tin*  (iliini*  nf  nothin  nml  tin*  nngio  A 4,  from  c  to  vm 
Ik  oallod  tlm  loud  mil  of  ih<*  plmio  nf  notion.  TIiIk 
KyKtom  Ik  pmtli'iilarly  iwofiil  In  tliooi'otloul  kIiuIIok 

. . my  uf  tlm  timlloally  Klgnlficimt  KlIimllimK 

noour  III  11  MonHlhly  lived  plain*  uf  aotloii  and  kii  A H 
iimnintK  for  imwt  nf  tho  total  dollootlua,  Tlm  otlior 
KyKli'mK  nro  appropriate  for  inooliniilinitlouH  uf  tho 
tin*  < mill  nil  pmhli'iu. 

Tlm  iIIkoiikkIuii  In  tlilw  Kootlon  will  ho  roKtiiotod  tu 
tlm  gun  olovatlon  ami  Iihvoi'ko  KyKtom,  wliloli  Ik 
typionl  uf  llu*  limt  tliroo  kokIoiiik  In  that  dofloolluu  Ik 
iihlalaoil  hy  11  pair  of  riitntlnliK  In  urtlingomd  plituoN, 
tnirodnoo  milt  uorinnlK  c r  and  c,.-  to  and  wim 
ri'Kimotlvoly,  kii  dirootod  that 

can*-*  Cr  kIii  A  nr,  c  k  v„i  *■  Ok  kIii  Aim, 

Thou  tho  Ii'iuIk  a, re  ami  nro  oiimputod  hy  fhn 
furiiiiiliiK 

Kill  Ai/r  oiw  Aim*  ">  Cr  •  (ri  K  Vm)  “  Cr  *  An 

Kin  Aim  *  c*  •  (r,  a  v,„)  «  Cn  <  K  (2D) 

Wlion  oi(iiat Inn  (20)  Ik  iminhlimd  with  I'uriiinhiN  nuuli 
iik  (ID)  Kiiltahln  ox|iroKKluliK  for  A  nr  mid  Atm  ariKO 
nflor  rntlior  iiiukkIvo  maiil|iulatluii,,M 

2.  t.)  (fiin-lloll  Krror 

Might  k  Kimli  iik  tho  K  3  two  gun  trimklng  rut  ok  and 
Iiiiko  tlinlr  mirror  KyKtom  on  tlm  gun.  I  latum  tlm  gun 
olovat  lon  nml  Imvorw  k,vkIoio  Ik  appmprlain  In  dm 
Korihlng  Kimli  oi|til|unont,  Hut  tlilw  KyKtom  him  a 
pooiillnrlty,  ni'imuluatiHl  with  olovatlon,  whhsh  IoiuIk 
to  an  appnmlahln  orror  in  ilnfhml  Ion,"1'  Tlm  angular 


('ONFII)HNTlAh 


BIMMAHY 


at) 


velocity  u  of  r  has  component*  ur  «»«!  norm-  tlon  of  the  Imre  axis  to  generate  the  assigned  point 
Mpouulnn  to  rotations  of  the  gun -target  line  In  the  of  Impact,  lienee  the  present  position  corresponding 
t  ra  verse  muI  elevation  plane*,  Now  consider  the  gun  to  the  chosen  point  of  Impact  is  determined  since  the 
coordinate  system,  It  will  have  angular  velocities  path  Is  expressed  as  a  function  of  time,  A  table  aim 
#fni  «ar,  ntnl  Whs,  Hot  In  systems  measuring  gun  lie  built  up  of  deflection  v  rsiis  the  time  parameter 
rates,  only  M»r  and  Was  are  obtained,  The  roll  of  the  of  the  path  In  which  one  may  Interpolate  at  pleasure, 
here  axis,  un,  Is  not  inensnred,  lienee  the  angular  The  method  is  usually  called  the  Umvhnvk  method, 
speeds  assigned  to  r  by  the  gtm  rates  are  It  will  he  discussed  again  in  Mention  7.3.3,  Whether 


M'i‘  m  Wur  ™  Aw,  ws  *=  Wiik  —  \un, 

since  t  lie  rate  of  change  of  deflection  gives  Hie  rrfciffwi 
sliced  of  gun-target  line  imd  bore  axis,  Mill  Wu  should 
also  contribute  to  «r  and  w#,>  The  resulting  errors  are 
ealltxl  the  f/an-ro//  errors  and  are  given  approxl- 
mnlely  by  l#f 

*w  *  **=  Aur  Ann  tan  A*,,,  «,,#  •*  ,\!w  tan 

It  A  or  Is  U, !  radian,  then  for  elevations  great  cr  than 
4A',  the  elevation  gnu-roll  error  Is  gran  ter  thou  It) 
mllllrml Intis,  which  Is  slgidlleant. 

s.t.ft  Timelmek  Method 

This  chapter  devoted  itself  to  the  eoiiipntotlon  of 
delloeflniis  based  as  nnieli  as  possible  un  present 

»•«♦**.  ah . these  (|uantltles  are  all  that  are  avallalde 

to  a  fire  control  system  at  the  instant  of  fire.  In  ex¬ 
perimental  and  theoretical  studies  It  iisnnlly  happens 
that  complete  knowledge  of  the  paths  of  gon  mount 
imd  target  Is  aviilhihle.  In  such  eases  one  may  choose 
to  clreiiiiivou!  theiihove  formulas  mid  return  to  first- 
principles,  rim t  Is,  one  can  start  by  choosing  n  point 
•  »t  Impnet,  Then  either  future  range  or  nlr  range  Is 
known  exactly  and  therefore  time  of  tlight  and  klne* 
timtle  deflection  are  known,  as  Is  the  required  pnsl- 


formulas  or  thnelaiek  are  used  In  the  calculation  of 
deflection,  systematic  computing  aids  in  the  form  of 
tallies  mid  graphs  arc  available,1*" 


a.ft  Nl'MMAMV 

The  hit rodnet Ion,  Heetlon  2,1,  gives  the  following 
reasons  why  a  systematic  theory  of'  dcllcothm  Is  re¬ 
quired  (I)  to  supply  norms  for  approximations, 
(2)  lo  furnish  rapid  computational  procedures  using 
legitimately  available  data,  mid  (3)  to  determine 
(lie  nature  of  possible  meehtinl  wit  Ions, 

Heetlon  2,2  considers  the  simple  ease  of  u  target, 
moving  ill  constant  speed,  on  a  straight  lino  which 
lies  In  a  common  plane  with  Hie  gnu-mount  velocity, 
The  formulas  ilodueed  will  lie  used  repeatedly  In  the 
remainder  of  the  text  to  elucidate  various  points, 
Heetlon  2.3  permits  the  target  lo  move  lo  a  curved 
patli,  The  form  of  the  acceleration  correction  factor 
Is  computed,  'I’lds  section  Is  a  foundation  fur  (limp- 
tor  I. 

Heetlon  2,1  uses  vector  methods  lo  treat  the  general 
problem  in  which  mount  and  tnrget  may  move  lit 
arbitrary  space  paths,  Ihirtleiilnr  eoordlnuie  systems 
used  In  lire  emit  ml  nee  dismissed,  A  brief  explanation 
of  the  phenomenon  of  gnu  roll  Is  given, 


roNKIDKNTIAI, 


CltHJlIlt  .*) 

PURSUIT  CURVES 


.1.1  INTRODUCTION 

.i.i.i  I'urMiiil  Cum**  In  !\lo<l<>rn 
Warfiiri* 

npioilir.  auk  many  Hltnnthm*  In  whIHi  mi  object 
X  moving  tilling  it  (milt  h('  lla  iiwii  (dimming  In  pur¬ 
sued  li.v  another  object  moving  In  n  |int It  t  onal  rallied 
In  point  hiMln in aiiPtiiiHly  either  directly  at  t In.  |air- 
mmil  (pure  pnrnolt),  «nii  nome  point  In  ihi.  vicinity 
ol'  the  piirnned  lit  iiccnrOuncc  with  aniue  ilcllnltc  law 
(ilevhded  pnrnult).  In  one  homely  mni  cluaalrtil  ex¬ 
ample,  the  purnner  la  it  dog  In  u  tlehl  mnl  the  pur- 
nmnl  la  the  dug’a  imiator  who  witlka  uiong  the  edge 
nl  the  Held.  If  the  dog  were  lilliul,  he  might  run 
I  own  ril  the  Muiiltil  <if  it  whlalle  lilewu  cotilhmonaly  hv 
Ida  tunater.  The  fiirmer  enae  la  |uire  imranlt,  mni  the 
hitter  la  mi  exmn|ile  of  deviated  pnrantl, 

In  tiinilei’li  wiirfnre  |inrault  eurvea  urlae  hi  three 
type*  of  altiiiilhma; 

I.  IlmnltiK  mlaallea  may  emillnuoiialy  change 
heading  under  radio,  n|il|eul,  or  neniiatle  ttnhhniee 
unwillingly  imppllcd  hy  the  target, 

'J,  Aircraft,  directing  rneketa  or  Inrge-eidlbcr  pro* 
Jeetllea  id  Used  groin  id  tnrgeta,  may  (hid  theinaelvea 
lit  mi  nlr  iiinaa  moving  with  reaper)  to  the  griuind, 

If  the  motion  of  the  nlr  iimaa  la  reveraeil  itltd  then 
given  to  the  target  n  |<nraiilt  enrve  urlaea, 

II.  The  atiiiuliird  lighter  nlrernft  of  World  War  II 
employed  n  heavy  Imttery  of  gnun  lived  In  the  nil* 
rruft  to  lire  aeimllily  hi  the  direr! toll  of  lllglit,"  To 
eliunge  I  he  direction  of  lire  the  nlreraff  ilaelf  moat  he 
Mown  lit  the  new  direction  Cnnac'pieiitly,  mdcaa  the 
fighter  la  directly  lieldltd  or  ahead  of  lla  idrlmriie 
lurget,  It  ntiial,  Ideally,  lly  on  aiirli  it  eorrectly  hanked 
Itli'ii  that  the  eoneet.  and  ehnnghig  ulinhtg  alhiwiinen 


*  lienee,  (Ire  from  fighter*  I*  ended  Jlxrtl  tiimnrry,  If  gun* 
"nil  he  pnnliloncd  freely  with  rw|met  lo  (lie  dlieellon  of  flight, 
Jli'fihln  (or  free)  yunnrry  erlsea,  This  la  uannlly  Iran  for 
hulldmra, 

81) 


la  ctmtlinioiialy  made,1'  Hy  doing  thla  I  lie  bullet  pat- 
lero  la  held  on  tlm  large!  until  <  leal  met  Ion  la  of* 
feel  eil,1" 

( 'aae  I  lain  been  atndled  with  the  pnrpoae,  among 
nthei'a,  of  delerinhilng  turning  mica,  aihee  eerluln 
nilaallea  have  cniilrnl  llmltailima  In  Ihla  reapeel, 
Caae  2  lata  lieen  eonahlered  hi  aaaeaalng  the  elTeet  of 
the  path  mi  the  aiming  |irolilem  (rneketa),  noil  111 
deleriuliilng  lernihial  enndltlnim  for  hmnli  relenae 
(78-nun  eionmn-llrlng  path  for  the  H-2AII).  Tlteae 
tuo  eaaew  do  not  come  within  the  aeope  of  thla  tie- 
emnit  or  aerial  gmmery,  An  a|i|troeliilde  tnmtlier  of 
the  teeliiilt|iiea  evpoaed  below  are,  however,  nppll* 
eahle  to  aneli  atm  lira, 

i,i.2  IlftiMiiua  for  mi  Kliilmrttb* 
InvowlIgMlIon 

The  rationale  of  the  elnlmrale  paranlt  enrve  In* 
veallgiilltiiiH  out  lined  III  llila  eltupler  ia  dlaeiiaaed 
below, 

I.  The  primary  fnnellon  of  the  defenalve  gmmery 
of  a  Imiuher  U  to  prevent,  Itw  parent  Iminher  from 
helttg  allot  down  by  attacking  ligldera.  Coimctpienlly 
If  la  rcaaonnldc  In  reipdre  the  great  eat  aeenntey  of 
the  defenalve  lire  control  under  lla*  flreinnatniiroa  nl' 
the  Ideal  at  lack  dcacrllied  aa  Caae  ,'i  nliove,  The  lire 
eonlrol  Iiiiial  predict  the  fnltire  poaltinii  of  the  target, 
on  Kuril  eonrwim  tpilte  e  lonely,  To  determine  fill  tiro 
ponil Imm  reipilriH  the  emupntnllnii  nl'  iterodynmulo 
lead  pnrnnit  enr\"a,  pi  will  he  made  (dear  In  (he 
acipiel  Imw  Hindi  eompidallmta  alTi*el  (I)  the  gener- 
nlimt  of  | mail  Inn  tiring  mien  of  thumb  (Chapter  d), 
(2)  the  tdmlee  of  percentage  lor  int  own-npeeil  night 

''  The  »dt (’flail I ve  for  tlm  nlfcckcr  In  In  Imld  it  lived  dlfeetfnn 
ef  [light  an  arranged  that  tlm  tnegid,  will  fly  Uirmigh  a  a  to,  mu 
or  oulletN,  ttenmne  of  Urn  rapjilliy  ullli  which  |,|m  tnrgnl  will 
|maa  Ihnmgli  Mm  Indict  itremn  and  dm  apmdng  Imtwcca  nun. 
canal ve  hatlcfa,  very  few  lilta  nmy  Im  neared.  Thla  atraflag 
attiick  Im*  I  mm  i  dlattdaacd  hy  nil  ah'  force*  a*  tattlleallv  in- 
cltlclcat  In  view  ef  die  llaiKnd  vnhmrahlllty  cf  tlm  target,  to 
pi'camit  calitmm  and  mtea  of  tiro, 
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lit  ft  particular  beliml  elromn*tniieo  (Chapter  4), 
himI  (3)  the  calibration  of  the  (lm-i>f"Jlighl  mUhm  for 
rate  type  slghta  (CTapter  5),] 

2,  From  the  point  of  view  of  offensive  or  fixotl-wun 
fire  (ton  trot  a  study  of  pursuit  curve*  loin  In  to  an 
appreciation  of  tho  off  cot  of  aerodynamic*  on  tho 
aiming  problem,  and  to  appropriate  oallln'iitlon  ot 
the  load  computing  night*  need  by  fighter*. 

8,  Pursuit,  ourvo  studio*  have  culminated  In  the 
dotallod  analysis  of  Mention  8.4,  Fro«|itontly  one 
wishes  to  use  tho  slmpioi  method*  of  Hootloii*  3.2 
mid  3.3.  Hlnoo  tho  ooinploto  plot  life  I*  at  hand, 
approximation*  may  ho  tested  n*  desired, 

4.  Finally i  the  design  In  the  large  of  defensive  lire 
omit  rot  systems  requires  ii  knowledge  of  those  limita¬ 
tions  mal  possibilities  of  lighter  at  took*  such  a*  arc 
given  In  Hoot  Inn  3.5,  Design  III  the  largo  moans,  hero, 

tho  choice  olid  . .  nnmimciit  mill  thnop- 

tlmlitallon  of  perforniiince  of  the  lire  control  system 
over  the  appropriate  rouge-asIniiitlM'levatlmi  ceils. 

jl.a  II IF  FI.FMFNTH  OF  PUNK  AND 
DFVIATFD  PUHMtllT  TIIFOItY 

n.2.1  Assumption*  ami  CmnillitHlo* 

It  will  he  asNiiumd  throughout  this  section  that  the 
pursued  chooses  to  follow  a  straight  line  path  at  a 
count  nut  speed  »><„  Further,  neglecting  aerodynamic 
effects  or  dcllhcriitc  throttle  variation,  the  speed  of 
the  pursuer  I*  also  to  he  a  constioit  ly.  (The  veil  icily 
subscripts  Indicate  that  a  bomber  and  a  lighter  ore 
to  he  the  objects  of  the  primary  physical  realUalhm.) 
If  the  laws  of  deviation  are  restricted  to  those  In 
which  the  pursuer  always  homes  on  some  variable 
point  on  the  pursued'*  track,  It  follows  I  lint  the 
curves  oniisldored  must  Is*  piano  curve*.  The  plane 
runt nluliig  t lie  t  wn  t racks  Is  culled  the  />/n«r  •»/ nrhun , 
I'mler  the  Hsslimptluns  linide  nlaive,  the  geometrical 
cesiilt*  are  Italepeiideut  of  the  angle  lietweeu  the 
plane  of  net  Ion  and  a  borlauiitid  plane  throogh  the 
pitrstted's  truck, 

ill  studying  these  curves,  the  most  natural  eo* 
i  in  Him  te  system  to  use  Is  nil  Itinerant  one  whose 
origin  I*  held  on  the  moving  object  under  pursuit, 
III  such  It  relative  cnni'diliaie  system,  the  velocity 
vector  of  the  pursued  Is  transported  to  the  pursuer 
and  there  reversed  in  sense,  The  pursuer  then  moves 
IIS  dictated  by  the  vector  result mit  of  Its  own  velocity 
and  this  reversed  velocity. 

Appropriate  tnolleul  variables  are  the  range  a  ami 
the  angle  0  measured  positively  from  the  rearward 


track  of  tho  pursued  tip  to  the  Hue  joining  tho  pur* 
tlelpiutts.  Ksporioneo  has  shown  that  Cartesian  co¬ 
ordinate*  are  nut  efficient, 

,1,2,8  Equation*  for  Pursuit  Curve* 

The  idmvc  clreiimstaneea  are  put  down  In  Figure  I. 
T|m  deviation  iinglo  A  Is  speollled  separately  as  some 


/ 

,  8  IS  THC  amu  or  oewkno* 

0  it  thc  ANObt  err  inss 


t 

/ 


|.’I,II  IIH  t  A  i y pli'ii I  InsOiiil  Ilf  ik'vltOeil  pawilt, 

function  of  II.  (Mure  generally,  It  would  lie  a  function 
of  both  n  mid  ft.)  Three  instances  of  such  functions 
c<  id  c(  Til  ns  in  tills  sect  loll,  They  are  (I)  A  m  0,  which 
Is  pure  pursuit  ("e.g,,  homing  liy  a  connection  through 
light  or  radio;  (2)  A  **  const  ant.  which  Is  Used  lead 
pursuit,  c,g.,  ii  lighter  using  a  Used  average  lend  In 
attacking  a  bomber  mid  (3)  A  ■»  c  sin  ff,  wlileli  is 
a  viirlnlile  lend  pursuit, e.g.,  when  v  Is  a  positive 
enlist  util ,  ii  lighter  iiltncks  with  a  Viirlnlile  lend,  ciiui* 
pitted  on  the  iissiimptluu  that  Id*  ammunition  Inis 
a  mciiii  Used  veliieliy  over  the  rillige*  In  question; 
and,  when  a  Is  n  negative  constant,  a  missile  homes 
acoustically  on  a  target ,■*'  so  Unit  c  I*  the  constant 
mi  in  of  the  speed  of  the  pursued  to  the  speed  of 
sound,  latter  section*  successively  elaborate  the 
deviation  function  to  iitako  It  more  realistic, 

Fur  these  three  cases  the  equations  of  the  relative 
path  may  now  be  deduced,  Front  Flgnra  I  the  rate 

of  I'lllige  elosill'e  I* 

m  —  I'C  CHS  A  -F  Oil  COS  0,  (I) 

lit 

pt Vilalii  .tapnaesc  tleamiioals "*  lialleale  Halt  this  was 
ileelriiwl  iiraei'ilare  fur  I  tie  ilapinaw  Air  t'oiw  ilurliig  Waral 
War  II, 


Ctij.FiDFNTlAb 


I'rHMtiiT  tatuvic* 


iiiiii  the  rate  of  rotation  of  flic  range  line  ,,ho„t  Hu> 
pHIWIPlI  iw  pivot  In 

<16  I 

•  (Ji  "  "  0>  »lil  <J  -  Vn  win  6),  (2) 

The  effect  of  (lie  porened'*  npeoil,  a*  cl i mvn  by  the 
Iftct  equation,  |c  to  entice  flic  pursuer  to  crab  toward 
it  point  HMtcvii  ol  (lie  piirancd,  The  pni'Niier  In  Niild, 
pleturonquoly,  to  lie  "wicked  flat.”  When  ei|imtion 
(I)  iw  divided  liy  equation  (2),  time  vniilNlieN  unit  the 
wpeeil  rntln  p  •*  vr  Vp  appear*  iin  ii  imliirnl  piimin- 
etei1,  'I’lte  ei|iinllon 

ilp  ~p  con  i  4*  i'iin  0 

„  “  . .  M  <»' 

In  liilcgrulilc  foe  Hie  ilevlntlnn  fimeflniiN  In  i|iieNfhiii, 
'I’llc  fi ‘mii Itn  nee; 

1*1  nr  piiewiili  Wl 

/>  In  ii*#  2 

Pn  **  will  0 


parameter,  It  In  the  mugo  on  the  Imnm,  nnil  each  pur- 
Niilt  curve  eini  he  ex  ten  i  led  backward  oe  forward  as 
inquired  to  give  Hn  elinenefeeiNtle 
Flgnee  2  tlliwtrule*  the  relative  pimltinn*  of  tluw 
How  type*  of  curve*,  mill  l-’lgiire*  ,1  and  1  wupply 
convenient  nomogram*  foe  the  computation  of  pnen 
pui’Niilt  enurae*.  A  large  mitnliee  of  puranlt  curve* 
have  heen  computed  and  graphed,  *•  141  '*>•  •»* 

V»*»orw»  *i«iooM» 

'iioo  rr 


hi  sell  lead  puixnit  Wl* 

J?,  f  I  -  p  Hi, I  in  "1 

wo  Lite  t  -» ft  «i,i  J 

. c 

|  _|/|  +  p  will  in  (  It 

r  I  ~  a  win  i„  \  a 

Vnrhihlc  lend  pne*nlt 

c  f /eon  M“  *  eo*  HV"  * 

Pi,  LVi'on  6  —  e  con  6/ 


it  f'lM  Ha 

\  f  M  •!«*  Hu 


/cue  i  —  eiw  flV  "  |  *j  i  0  mo 

Vi'o*  0  +  eon 6/  H|n  i)  j 


1***1*  ,l"'  variable  lend  pnr*nlt  n  I'll  we  and  ii*eful 
nppmxiuiiilloti  I*  olifnliied  liy  putting  e,w  i  m  \  |() 
ci, until  a,  (It),  'I’lie  niinplce  foeiiintii  In 


,«  ^  r!uu“fl  2  1 
0"  L  win  6  J 


Ml  MO 


It  In  clear  (Ini)  <0 jimt Inn  (/J)  e,i|||ip*e*  Into  equation 
(I)  when  in  m  f)  and  that  ei|iuitlini«  (It)  and  (7)  „|mii 
rednre  to  eipndiou  (4)  when  »  -  tl,  |.,»„  when  the 
ItllllelN  lined  have  infinite  velocity.  When  9  »  {,,)«>, 
a  *■  pit  in  each  of  Hionc  four  cipialion*,  Consequently 
Ci,  I*  allot  her  natural  imriinictor  the  pm, road,/ 


NUNC  0UMMIT 
riMtO  LEAD 


VAHlAiUI  tf  AO 


t'l'inn;  'l  Hcliiilvc  imiMidi  mirvc*. 

''.a. it  III  fu  rented  PnrMiilt 

In  the  preecding  derivation  the  fnetor  >-  wn*  tlm 
rnllit  of  the  p„ noted'*  epeed  to  the  Npecd  of  the  bullet 
(bed  by  the  attacking  lighter  [t lie  dcvliillon  fiinctjini 
coniCN,  in  fact,  from  ei,,  (M),  2,2,2],  Normally,  there 
fore,  r  will  he  inneli  Icnn  Hum  I.  ( Vrliiln  {iiipllcittloii* 
ol  i-  >  I  mi’  worth  exploring  with  eiincelvable  *|fun* 
tl'itiN  of  i  he  I'ui  me  in  iiiiml,  At  lack  mu*t  be  frum  a 
forward  direel  ion  If  enptiirc  I*  to  remilt,  and  fur  tbl* 
regliui  ! two  separate  pi, mult  curve*  are  ipilte  po**|» 
ble,'1*  Tbl*  I*  demined  rut  oil  iniiNt  easily  by  the  cm- 
NlriicUmi  or  l'*lgnrc  ft,  In  tbl*  figure  n  *  p„/v  n„,|  In 
greater  limn  I,  After  drawing  (lie  limnidary  llite,  a 
Memldrclc  of  uny  convenient  radlit*  It  In  eoiwtriteleiJ 
a*  *hnwii,  The  line  eotuiuetlng  the  pursuer  F  to  the 
pi  trailed  H  cut*  the  circle  at,  /*,  and  /'s.  The  line*  Fi\ 
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and  Fl\  are  parallel,  rcapertlvcly,  to  1\M  nud  /‘»Af. 
Tltt'  pumper  riin  move  in  either  of  tlieoe  two  direc¬ 
tion*.  Conalder  AV's.  Thun  wu  ahould  have 

v  nln  ^  PP» 
v„  "  *l»  t  "  HP,  ' 

But  the  coimtrnethin  achieve*  tin*  ahiee 


FP,  l%M  It 
lip,  IIM  HM 


mIii  0 


V 

«■*»»  t 

I'll 


Anil  the  idternatlve  hit*  exactly  Hit'  name  treatment. 


Kim  to:  A,  Illfurt'itliim  of  iitirmtll . 


11,3,4  Method*  of  Introducing 
Time  hr  h  Pwrameter 


Tjib  Louai.  Murium  m’ 

Both  p  anil  0  tuny  bn  expanded  In  power  aerie* 
valid  in  tlic  neighborhood  of  any  xiseelfied  point,  on 
(lie  curve,  The  derivative*  required  In  theao  expan* 
mIoiir  nro  readily  obtained  by  repented  dilTerenti- 
nllon  of  equation*  (I)  nml  (2),  Ovnr  Interval*  of  time 
corrcNpoiidlug  to  normal  tlmi'»  of  lllght  of  projectile*, 
tlm  convergence  In  rapid, 

Tub  Midi'oint  Mktiioo 

'I'IiIn  procedure  renounce*  auaiyal*  and  revert*  to 
an  approximation  to  the  geometrical  definition  of  the 
eurve  In  plication.  It  will  audlee  toaketch  the  method 
fora  pure  piirunlt  eurve,  Working  In  a  fixed  coordi¬ 
nate  ayatem,  determine  the  poaltion  of  the  pnrwied  at 
lutervala  of,  any,  one-quarter  aeeoud,  Over  the  flrat, 
time  Interval  let  the  puratter  move  In  a  Mtralght  line 
from  Id*  Initial  position  toward  the  midpoint  of  the 
llnd  Interval  of  puraued'*  motion.  TIiIn  yield*  a  new 
poaitlon  for  the  parallel'  from  which  he  can  move  In  a 
Nocoitd  Htriilght-ilnc  aegment  over  the  next  time 
Interval  toward  the  midpoint  of  the  aeeotid  Interval 
of  pur*ucd'*  motion.  Continuing  In  thin  faahlon  a 
table  oi  poaltloiinl  valuea  given  explicitly  In  terma  of 
time  la  built  by  the  moat  elementary  of  computing 
mcnuK.  (Till*  method  hna  lieen  uaed  exteiialvely  In 
the  priahietion  of  aynthetle  motion  pleturea  for  nan 
In  llexlhle  gunnery  training  device*,"") 


A  I  male  dlaadvnutngo  of  the  aohltloua  (I)  through 
(7)  of  the  puranlt  curve  prohletn  la  that  range  and 
angle  off  me  not  given  explicitly  aa  function*  of  time, 
It  la  frequently  neceaanry  to  have  auch  dependence 
at  hand.  For  example,  In  determining  exactly  the 
deduction  to  take  agaiuat  a  fighter  on  auch  a  eurve 
one  moat,  by  cut  and  try,  match  up  time  along  the 
curve  from  a  choaett  p  ,*aent  poaltion  to  the  riapdred 
future  poaltion  of  Impact,  with  the  time  of  lllght  over 
the  range  hi  till*  future  poaltion.  There  are  three  way* 
of  getting  point*  on  the  curve  labeled  with  the 
appropriate  lime: 

Tun  iMt't.ioiT  Murium 


If  p  In  terma  of  6  la  auliatltuted  In  equation  (2), 
upon  Integration  t  aa  a  function  of  0  will  reault,  In 
foot,  for  the  pure  puranlt,  one  hna 


*'./!.hu*-'#/8+  t nil" * '  0  'i\ 
2C/|  \  g  —  |  M  -f  I  r 


W 


By  graphing  nr  tabulating,  0  la  known  Implicitly  for 
any  f, 


.vs.it  Centrifugal  Force  wnd  Iaogcca 

It  la  tuipiirtuut  to  aaaeaa  the  centrifugal  force  to 
wlileli  the  purauer  la  auhjeet  In  trnveralng  puranlt 
enurne*.  On  one  hand,  the  circle  of  curvature  can  be 
put  to  nae  aa  a  replacement  for  a  aegment,  of  the 
curve  (over  I  lie  time  of  lllght  of  a  bullet  from  a  de¬ 
fending  bomber)  hi  deriving  approximate  iledeotinn 
fornnilaa,  On  the  other  limid,  a  knowledge  of  centrif¬ 
ugal  bind  lend*  to  mi  eatlmiite  of  the  angle  of  attack  11 
of  the  fighter  nml  Ita  effect,  on  the  euiiroe  down, 
Fluidly  tlda  force  nr  load  glvea  the  houndarlea  In  re- 
Kuril  to  range  and  angle  that  a  lighter  may  reach 
hefurc  pliyalologlcnl  or  alructural  limitation*  liccnme 
operative, 

For  a  pure  puranlt  curve,  tlie  riidliiaof  enrvature  It 
la  given  liy  It  *>  iqiff/iW,  aluce  tiie  tangent  to  the 
elri'le  of  ciirvnture  la  nlao  the  line  to  which  the  angle 

,|  Tlti<  Hindu  nf  ni  t  nek  In  the  ingle  IiiU  whcii  t  he  iIIi  iniI  Ihii  nf 
itiol  liiii  iif  I  lie  iili'eruft  him!  cnine  refereufle  tine  (aunli  iin  a  wing 
elionl  or  a  guti'a  horc  iixIn  nr  it  lim*ltiiitliiid  hxIn)  that  Ilea  In 
Hie  plmie  of  NViimicliy  nf  bin  olrorort. 
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off  0  In  measured.  The  eemrlfngnl  load  n,  In  mills 
of  gravity  l»  found  from 

M'«  sin  0 

*i*  - - 1 - —  *  (9) 

OP 

!f  n.  Is  given  sticeoaslve  constant  values,  (lion  thn 
curves  of  equal  loud  (iiwgem)  Unit  arise  are,  clearly, 
circles  tangent  to  tlu?  pi  trailed ’a  truck  und  of  radius 
vrv*/2tn*>  If  such  a  family  of  laogeos  Is  drawn  and  If 
a  family  of  pursuit  curves  Is  superposed,  ns  hi  Figure 
ft,  one  may  nudity  Hud  the  loud  for  any  curve  at  any 

to* 


YA*i)» 

Kiocnh  It  Iwikim-h  mid  (micmiiII  reive*, 

polul.  As  a  sample  conclusion  It  Is  himicdliitely  evi¬ 
dent  dint  with  high-speed  aircraft  close  approach  at 
any  muteiJul  imgle  off  the  homlier’s  tall  Is  prohlhlted 
hy  the  high  loading,  This  cun  he  adduced  as  otic 
argument  for  dispensing  with  all  orumnieut  oilier 
than  that  of  the  defending  tall  of  an  ultra  high-speed 
Ixtutl Htr.**1  With  such  a  double  fmiilly  one  eoiiid  also 
trace  i«iit  the  growth  and  decay  of  load.  The  iinixl* 
nu tin  load,  when  such  exists,  Is  found  with  ease 
analytically  hy  maximising  w„,  The  simple  result  Is 
Hint  ,„«■  occurs  at  an  angle  off  dctennlued  hy 

U 

CUSS  «*>  y  •  (111) 

This  Incus  appears  as  a  dotted  radial  line  lit 
Figure  ti, 

It  Is  possible,  lit  view  of  eipiutiou  (ft),  far  the  lighter 
to  reduce  the  load  to  which  lie  Is  subject  hy  ilcillier- 


ntoly  ushig  a  slow  speed  during  thn  tiring  run.  A«  the 
fighter's  speed  decreases  the  maximum  load  dimin¬ 
ishes  steadily,8  It  may  he  presumed  that  the  difficulty 
of  the  fighter’s  aiming  problem  la  reduced,  and  that 
lie  may  do  Ills  firing  at  greater  origins  off  the  bomber's 
stem,  which  Is  equivalent,  to  offering  n  inure  difficult 
shot  for  tin?  defense  because  of  thn  higher  angular 
rate,  In  addition,  a  longer  period  of  sustained  fire  is 
available, l5ii  The  tactical  disadvantage  Is  that  the 
fighter  will  close  range  up  to  a  certain  point  and  then 
will  fail  hack. 

Mince  it  lead  pursuit  curve  Is  usually  a  belter  ap¬ 
proximation  to  the  curve  uctimlly  flown  than  Is  a 
pure  pursuit  curve,  It  is  sometimes  desirable  to  ealcu- 
iate  the  centrifugal  load  far  the  lead  pursuit.  This 
formula,  which  Is  a  companion  of  equation  (ft),  Is 
.  .  J.  cos  A 

a*  (I  -  gs)  slu  Oil  —  s  -  r  (II) 
tip  \  cos  4  / 

tt.a.a  'lot  ill  i  ,011(1  Fur  tor 

For  use  In  the  next  section,  which  calculates  a  more 
realistic  deviation  function,  the  totnl  load  on  an  air- 
cruft  Is  required.  Evidently,  tills  total  load  n  Is  a 
suitable  vector  sum  of  centrifugal  force  and  that 
component  of  the  gravitational  force  lying  la  n  plane 
IM'rpendlcular  to  the  direction  of  motion.  Forces  are 
slimmed  In  this  way  because  the  lift,  which  must 
support  the  effectively  heavier  aircraft,  lies  In  that 
plane,  In  the  formulas  given  below  for  total  load  n 
mid  hank  angle  U  (roll),  the  turn  angle  F  (yaw)  Is 
measured  in  u  InnUniituI  plane  lift  (a*  projection  of  the 
lllght  path,  and  the  dive  angle  /*  (pitch)  Is  measured 
In  a  vertical  plane  from  the  lairlaotital  projection 
down  to  the  (light  path.  It  Is  assumed  tlmt  the  ulr* 
erull  Is  Hying  cleiudv  with  no  slip  nr  skill  at  u 
speed  r.  Then  ,w 

nr 

c  - 

Inn  It  -  ,»  0») 

(/  4  v  see  l>  '  f( 

*  tl  Is  a  eiirtoas  fuel,  t  hat  If  I  lie  fiphlrr'*  himooI  Is  lm|<f  soil* 
stunt  anil  the  Imthvr'n  itiimof  Is  efitoiged,  tlinte  Is  a  pertain 
hiaaliei'  speed  which  yields  a  least  inaxililnai  lead  for  the 
tighter,**1"  Indeed,  If  ti.  ,IHt,  Is  expressed  as  a  fnnellaa  of  p  hy 
comhlnlng  equation*  (ID),  (tl),  and  (4),  (hen  a  true  laliditiain 
Is  foaad  to  iM'eai'  at  tla<  single  rout,  of 
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and 


n  «* 


CttIH  /’  4* 


v  ,11 1 

</  'll 


VIM  U 


(13) 


In  unit*  of  gravity, 

For  special  (light.  paths,  equations  03)  mid  (13) 
rocliioo  to  the  following  forms,  which  mi?  nscfii!  In 
various  romputaf  Ioom: 

1.  Circle  of  radius  r  In  a  Imrlmmlnl  plane. 


tun  U 


c" 

r 


2.  Circle  of  radius  r  In  n  vertical  plane. 


ca 

I  mi  H  “  U  n  «*  com  /*  4~ 

r 

3.  Circle  of  radius  r  In  it  plane  of  net  Ion  of  Inell* 
nation  w, 


tan  Ii 


COM  W 


Of 


4-  COM  9  Mill  w 


><  **  |/cum,w  4-  j  4- COM  0  Mill 


where  0  is  the  angle  between  the  direction  of  (light 
and  ii  horlMoiitiil  line  In  the  plane  of  action. 

4.  Helix  with  horUontal  axis  and  MlniiMoldally 
varying  speed.  (This  Im  the  caMe  of  corhMcrew  avoid¬ 
ing  action  by  a  bomber.  The  details  l*1  are  compll- 
cntiHl  but  Mtr  tight  forward  and  w  ill  nol  be  act  down  ) 


;t,:i  TIIK  KFFF.CT  OF  ANtil.H  OF 
ATTACK  ON  IM  IIM  IT  Cl  ItVF.M 

:t,:u  Dcvhillon  I’tiittTloo  mi«l 
Truji'i'lory  Hhlfl 

In  Nert Ion  8  I  2  It  wiim  pointed  out  that  a  knowl¬ 
edge  of  the  exact  curve  flown  by  a  real  mid  perfect 
lighter  penultM  the  defending  lire  control  to  calculate 
future  poult  Inna  of  the  target  Mince  iIicmo  future  posi¬ 
tions  depend  Intimately  on  the  deviation  9  of  the 
fighter'*  velocity  from  the  gnu-target  line  (Figure  I) 
It  is  necessary  to  nualyiie  0  more  carefully  than  wiim 
done  In  Heetlon  3,2,2  [deviation  (it)], 

Am  footnoted  In  Heetlon  3.2,5  (footnote  d),  an 
angle  a  MxlNt.it  between  the  bore  axis  of  a  lighter's  guti 
mid  the  direction  of  motion.  TIiIm  angle  of  attack 
consists  of  a  Used  nail  a  variable  part  ,  The  fixed  part 
Im  attributable  to  the  ItiMlallatlotud  Matting  which 


allowM  for  gravity  drop,  The  variable  part  Im  twined 
by  a  change  la  the  load  factor  a  (Mention  3,2.fi)i 
which  requires  a  change  In  the  angle  of  attack  of  the 
wings  to  Hiipply  a  halmielng  lift  for  tin*  change  in 
nlrnraft  weight,  It  follows  that  tlm  tllrcotlon  of  de¬ 
parture  of  tlm  fighter's  bullet  Is  along  the  diagonal 
of  a  parallelogram  determined  by  the  propellant 
tnu*#!e  velocity  v„  him  I  the  lighter  velocity  v*.  In 


(''on  ooi  7.  Ttic  cffiM'l  of  angle  of  id  I  Mck  of  llic  tstre  axis, 


Figure  7,  It  Im  nsmnned  that  «  lleM  entirely  In  the 
plane  of  aellon,  (This  it  will  not  do,  hi  general,  bn* 
einiMe  the  nirernft  Is  hanked.)  The  deflection  problem 
Im  solved  by  equation  (I)  of  Chapter  2,  which  glvnM 

A  **  in  mIii  0  4-  — -  a,  (14) 

ii  tv  4-  i'f 

In  Heetlon  3,2.2 [deviation  (3)] only  the  llrst  term  on 
the  right  of  equation  (14),  the  normal  lead,  whs  used 
for  the  deviation.  The  correct  deviation  function  Im 

A  ■*  A  — 

The  pursuit  curve  generated  h.v  llili*  A  Is  called  tut 
mvtli/immir  trail  pursuit,  The  next  problem  Is  to 
explore  a. 

before  leaving  equation  (14),  however,  the  mean¬ 
ing  of  the  equation  from  the  point  of  view  of  the 
lighter  pilot  Is  given  h.v  Figure  N,  In  (Ids  representa¬ 
tion,  It  Is  not  iissumed  lluil  «  lies  In  the  plain*  of 
action  Instead,  tin*  aiming  allowance  required  by 
tin*  second  member  oil  tin*  right  of  equation  (14) 
lies  In  llte  plane  of  symmetry  of  the  tighter,  It  Is 
called  tin*  trnjpiinru  nhift,m  lls  slue  is  also  de¬ 
termined  by  an  exploration  of  a. 

3.8,3  AttjfU*  of  Alimtk  lit  Twin*  of 
Jamil  ami  IiuHi'mIimI  AIi*n|m*imI 

The  resubmit  of  all  pressures  on  mt  aircraft  wing  -* 
of  t  he  lower  Hum  otmospberle  pressures  on  the  upper 


CONFIDIONTIAI 


I’lrHNL'fT  (HJHVKff 


surface  awl  of  Mu'  equal  Ui  or  slightly  greater  ilin.ii 
atmospheric  pressure  cm  the  lower  surface  Ih  re- 
(solved  info  ii  lift,  |M'i|jondictilnr  to  the  direction  of 
motion,  nod  a  drag,  parallel  to  the  direction  of  mo¬ 
tion.  If  the  bullet  In  Figure  rt  of  Chapter  I  I*  replaced 
by  «  wing  profile,  that  diagram  illustrates  tide  sltua* 
Mon  also,  The  y»w  of  the  bullet  Ik  equivalent  to  the 
angle  of  attack  of  the  wing,  The  lift 1  A,  In  pounds, 
is  given  by 

A  -  C>,  P  W.  (Ifl) 

m 

where  f/,  *<  lilt  coefficient  (dimensionless), 

p  ■»  air  density  (singe  jw«r  coble  fixit),» 

S  m  wing  urea  (sipnire  feet), 
e  <■»  true  ulrs|>ccd  (feet  per  second),1' 


'  Till'  ilnig  In  KlVfii  t»y  u  slmiliir  exprcssloni 

I)  »  ('ll  £  Ns*  (HerHecllmi  I.U’j) 

*  Tlie  ncrislyiiHiolc  sir  density  p  Is  mi  NACA  sliimtiiril. 
It  differ*  from  die  luilllstle  slumlord  ?,,,  suit  mnsl  out  Is* 
Ciiiifiised  with  the  re/s/e'er  Imlllstle  sir  density  which  Is  slsn 
ileniiled  liy  e  (Meet Inn  I  il.H),  Hi, Hi  „  (NACA)  mid  p„  (list- 
llslle)  vsry  «l  ii  given  nltlludc  ns  I  lie  lemiieniltire  mid  Ini- 
inldlly  elmiige, 


Ihdllslle  mill  NACA  idlltndiw  fur  given  hidllsfle 
relntlve  nlr  density. 


Itelatlve 
sir  dt'itsliy 

Uslllslh'  nil  Undo 
(feel) 

NACA  nlllhulc 
(feel) 

1 .11 

II 

nai 

a  a 

7,IHIft 

N,II|A 

an 

111,17ft 

111,004 

It  A 

JO, II  III 

as, mu 

n.a 

ftllitSHI 

44,ftaa 

Hliimlartl  iiliuo*|iliert< 
No,  'JIN 

bused  mi  NACA 

Hi'isirl 

All  It  iidu  (feci) 

Ni' '  N 

a  Nn  p 

II 

MMX) 

t  .INNI 

SJ,tMMt 

Man 

i.i  ion 

ft, ana 

i  mi 

1 ,1177 

111,000 

1  iwt 

1  1114 

tft.aiN) 

1  .AMI 

i  ami 

ittMNNt 

HO, IK  HI 

I.S77 

1 ,1)711 

a.ti7ft 

1  It.'tll 

■10,000 

4  . 1  ISO 

a.twt 

*'  An  idmiMH'd  nwler  measures  1  sic  (TAN)',  where  TAN  is  the 
true  nlrsiKH'd  ll  In  cullhrnleil  In  rend  TAN  id  sen  level 
lienee  if  /AN  Is  die  Indlcnlcnl  nlnqiM*il, 


/AN  -  1/  *  TAN  , 

\  as 

•The  mldhlniml  smierelevnlliiii  allowance  for  gnivlly  dmii 
Is  nl mu l  mie-fifili  of  A,, 


KxfieHment  and  theory  show  that  the  lift  coeffi¬ 
cient  Is  an  almost  linear  function  of  the  angle  of 
«'  V  <f  the  wing  chord  over  a  range  almost  up  to 
stne,  Since  the  gnus  are  Installed  at  a  Used  angle  with 
respect  to  the  wing  chord  to  which  angle  of  attack 


Km  I 'UK  S,  View  lltrimgli  tighter  sight  nf  total  ileffee- 
lien, 

Is  usually  measured,  we  may  take  the  tingle  of  at  tack 
«  of  the  menu  bore  mils  of  the  fighter's  Imttery  In  the 
form 

Ci,  «•  AV»  +  K%, 

where  h\  mid  A’j  are  cimstants, 

If  nit  aircraft  Is  subjected  to  a  loud  factor  «,  we 
must  have  A  *>  H’e,  where  W  Is  the  normal  weight, 
nt  the  aircraft  Consequently, 


o 


lull 

(IAS)* 


(MO 


where  A,  and  A»  are  constants  given  liy 


air 

A  ,e,„S 


U 


K, 

A*,' 


H.v  nn  nerislymimlc  iirguiocitt  which  will  not 
lie  reprislueed,  At  unty  lie  I'alrulided  by  the  formula 


where  »N  Is  the  wing  urea  In  square  feet  and  b  Is  the 
whig  span  In  feet,  When  equation  (17)  Is  used  In 
equation  (III),  »  will  lie  In  radians,  IAS  In  miles  per 
hour,  and  II'  In  pounds,  Neat,  In  depends  on  the 
histidlatloiud  angle  of  the  gnus,  If  we  suppose  1,1  that 
Ihe  guns  are  adjusted  so  that  at  a  partluular  level 
flight  speed,  (lASh,  they  are  horlaotital,1  then 


hi 

In 


(IAS)l 


(IH) 
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Dio  value  unsigned  to  (lASh  low  I'roipiontly  hoon 
S30  mph.  Uwlng  thin  value  imil  atnudmil  airplane 
(llinmwlorw,  average  values  hi  A,  mol  A,  nre  given  hy 
Tahir  I  fortwlnhi  fighter*  of  World  Win-  It,  ’ 

T,uh,g  I,  Anglo  of  iittm'k  omiHliini*  for  World  Wnr  It 
fight 


CIlINN 

T.VpeN 

A  i 

f/| 

Me Illli,  Mi'imtl, 
rWlUIA,  iliiNNI ' 

II, AIM 

II, II, VI 

<h 

Mi'UIKI,  Meitlll,  Mel  III 

■I,7il0 

II.II7A 

llllllit 

if| 

SSekn,  lhnn|i, 

Oscar  1  mill  II 

'J, (MI7 

Tojo,  Nick,  Tmiy, 
Avi'nige  AinerlciiM 

11,1011 

II, II, VI 

V IrloiiN  Circle 

ofTlila 

Approach 


I'ormola  (  III)  reipilroN  »  knowledge  of  «,  nod  indc- 
tormluo  I  ho  loin  I  I  lie  eurvid  oro  of  ll«i  |  oil  I  <  miiinI  In* 
known,  A  vIi’Iooh  olrolo  In  oniiiplotod  nIhoo  tho  path 
oomod  l.o  doiomilooil  mil II  i  (mol  wo  mol  no  hi  In 
known.  Tln>  i'oitooi  i'oni .lot Ion  of  1 1 1 |n  dllllciilly  In 
Klvoo  lo  Noel  loll  3  1,0,  In  the  ini  Hy  iltonH  ur<stH I  lie 
conirllugul  loud  for  n  pure  poi'Niill  or  u  lend  pnomll, 
l.o  ,  0(|iialloiiN  (ID  or  (II)  or  Noon.  overage  of  iIioho, 
ill  I  lie  point  lo  ipioNllon,  I  in  w  lie. 'll  lined.  I'ront  the 
prnollenl  point  of  view  ,  rolhionioot  id  iIiIn  point  In 
Hoinowliiil  nlwnrd  wllioo  I  lie  oxnel  Npeod  of  llio  id* 
Inekor  eniiool  l.o  known, mid  eouliifugiillnud  IniiIwii,vn 
proporllooid  lo  IIiIn  Npood,  The  only  jONlllleiilloo  In 
loiiiol  In  o  tloNlro  lo  avoid  I  Hum  In  onlonlidloiiN  wliloli 
lire  lo  lie  iwod  lo  otool  nil  average  Inelleid  nil  mil  Ion 
ml  her  limn  n  pio  lleiilin  olio, 

Willi  niioIi  no  npprimlioidloii  for  n  nod  under  llio 
HNNiioiplIoo  of  eniiNlnol  Npood,  ll  In  ponnIIiIo  lo  Into- 
uni  I  n  llio  dltforool  Ini  oipndloiiN  (I )  mid  (0),  iwlng  i<  (l 
deloroiiiiod  hy  oipoil loiw  ( 1 1)  nod  (Dll,  hy  omnorloid 
iiioIIohIn,  I’IiIn  will  mil  ho  done  nluee  defeintlve  goo* 
oory  In  IntoroNlod  only  in  n  Ni  goienl  eorroNpoinlhig  lo 
tliolliooof  lllglil  of  llio  hoinlior’N  hollol,  Tho  roipdrod 
delleetlon  mio,  In  fuel  ,  he  oiudo  mil  iw  n  function  of 
tango  mol  angle  olf  of  a  lighter,  rnllior  Hum  on  n 
I'ooetioo  of  poNlllon  idong  a  pnrlleoliii1  eorve,  (Mini 
Noel  lull  1,0,0  ) 

Knrtlinr  miidynlN  of  iiorodyinnolo  load  puiwiil 
oorvoN  hy  iIiono  iiioIIohIn  low  Irmilwl  IT"  llio  emn* 
poooulM  of  a  In  and  at  right  angles  tu  llio  piano  of 
nothin,  Tho  porpondionlur  eonipmiont  oiiiimon  the  air* 


eraft  lo  muvo  slightly  below  llio  liiNiantanooim  piano 
of  ne  I  Ion  (or  sag), 

Tim  patchwork  theory  of  thin  Mention  In  ein’rootly 
rovlNod  In  Hoot  Ion  3,1,  Tho  detail  mippllod  hero  low 
In tidioiii-  value  and  In  mi  exemplar  nf  approximation 
method*  In  thk  field, 


;i,:t,t  Qualitative  Kffnrt  of  A  rip’ll1 
of  Attack 

Tin*  effect.  of  uiigln  of  attack  on  it  pni'Niilt  mi i* vn 
limy  la-  nhiiioioi riaod  ipodllollvoly  hy  giving  the  relii- 
lionN  among  pure,  lend,  and  nornd  vnainle  load  ptir*u|t 
onrvi’N  that  orlglnido  id  llio  hiiiiio  polnl  and  have  llio 
Nitmo  vn  and  i‘e!  (!)  nl  long  nmgoN,  llio  loud  In  low 
(el* wo  lo  I),  l ho  angle  of  idlaok  In  niiiiiII,  and  llio 
iiorod.viiiiiolo  onrvo  iiIiiionI  ooliioldoN  with  llio  loud 
pni'Nitll ;  i0i  UN  llio  riiiigo  oIonom,  llio  load  gonornlly  In* 
oroiiNi’N,  l lie  angle  of  idlaek  Iiioinnimom,  and,  mIoco  (ho 
Nhil'led  trajectory  iiiiinI  lend  lo  Impart,  the  (Ighler’N 


III  LOW  LOAD 
(UNION  LOAD 
UIULTMA  HIGH  LOAD 
r  l»  IHt  RAME  fOMAUCAMS 


•  0*1  AMIR 

RHlMTED  TMAJrCTOMT 
DlNEGTION  TON  LIAO 
NUMRUIT 


Bl  MICTION  rOM  MUNI  MUM  till  T 

oimiistion  ran  aimootnamic  had  mumruit 


I‘’|'U  an  n,  I'HTeel  nl  Iiim'I  mi  llgliier't  ilirerH'Mi  of 
Ill'll  loll, 


velocity  In  dlroetoil  more  Inward  l  lio  homlau’  limn  If 
wnnid  ho  for  a  load  pnivnlt,  mo  that  llio  aorodynamlo 
rnrvo  odgoH  over  townnl  tho  pure  pnrmilt;  ami  (3)  for 
vary  high  IhimIm,  llm  miglo  of  attack  umy  lie  no  grant 
thal  I  lie  lighter'N  veloelly  Im  illroolod  holilnd  l  lio 
Immlicr,  and  yet  Ilia  whiffet!  trajectory  IoihIm  tho 
homlmr  liy  an  ammmt  Miifflolont  to  ohiino  a  lilt,  Thowi 
throw  (not*  are  partially  lllmdralod  hy  Figure  0, 


C'ONKIDKNTIAI, 


IMIHSI  IT  (;i  nvi;s 


8,1  THUN  AKHODYNAMIO  MiAI> 

PURSUIT  CUHVK 

8.4, t  N©w  Variable*  —  Fighter 

Speed,  CfMime  Curvature 

In  Section  ft,!!  Hie  rcnl  mmlytlc  problem  wun  ulilc- 
ntcptml.  Of  the  viii'hiHH  iiitpmxittmtlonH  uiuilc  In  Unit 
w'ctltm  tho*e  regarding  the  loud  factor  urn  I  cninititiit 
*pwd  «m  the  part  of  tin*  nttiirkiitg  lia;ld «*i'  are  cruelut. 
Until  do  vlnleuee  tn  tin*  mil  dyimioh'N  of  tin*  «ltn- 
ii t Inn  In  tin*  Hint  liiNtnnee,  given  mi  unknown  eiicvi*, 
H i*  rule  of  elietige  of  illm'tlon  nIioiiIiI  eider  mi tiii'ii II, v 
IIW  llll  IlltkllOWII.  Ill  till*  M'l'llllll  IlINtlllll'l*  till*  lllm’llft 
ahmilil  In*  |mrndtted  to  change  Npced  imliiriilly  iimli'i' 
tin*  fniWMif  llmint,  limit,  mill  grit vlly,  ( ‘uiikci  picul  ly, 
Npced  should  iiInii  hi'  n  vnrlnlili*  of  tin*  ilc*eiipthui, 

Tin1  li ii| in iven ien t n  to  1  it*  iiiiuli*  limy  In*  recogiilKcd 
niiwt  I'l'iullly  liy  ciiiiNldcrhig  tin*  hIiii |ili*  iw  of  mi 
ut tuck,  iiiiuli*  In  n  vert leill  |»lniie,“'  liy  u  lighter  mi  n 
Innnlicr  wlili'li  iiiovcn  oii  ii  Hlruighl  m,d  Ii*vi,|  track  at 
I'oiiHt nut  npced  If  ii  vccHciil  | tin iii >  1m  imi'il,  trigniio- 
tni'tl’lr  ili'lnlln  iIii  not  olmeure  tin*  new  n|i|imin’li.  Tin* 
new  IiIi'iih  ini'  iiIhii  kept  elcnr  liy  iiNNimilng  Hint  t tie 
Imre  ii.Mh  of  t he  Ilgldcr'N  gun  Ih  kept  m i  tin*  target, 
no  (lint  i lelli,<*t Itiniil  mill  luillliit|i<  mil Ioiim  n ce  not 
prewitt, 


\  7 


divi  Mtil.l 


♦  wrimo,** 


t,  or 

*  eur.H 


ROM  Anil  AND  TNNUI1  AAlt 


t'lut'iin  tn,  A  i  yfiiHtl  tiiK i  ii 1 1 1  nf  i  mi*  nt* iiiih’ moult* 
tindMill 

Figure  III  nil  own  (hi*  force  mynl  eut  I  nil  tin*  nlr|ilnni*, 
iiiul  linllnnti'N  Unit  a  further  «iinplll’ylng  in*«iiiti|itiuii 

1  Ai*riiilyiiiiinli'  fnm'r  Hitting  oii  tin*  toll  niirroro*»  nf  tin* 
IIkIiIi*!1  nil*  iH'Mli'i'li'il  nIiiih*  tin*  khii  I*  ki*|it  on  Puget  t»,v  tm- 
mini |»l Inn  unit  ii  i|i*ni<i<I|i||iiii  nf  lo,w  Hit*  In  iIiiih*  liy  <*li*vot<ii' 
iniiiiiniiln  In  mil  j*«<«tiiti‘eil . 


tin*  Imrti  hxIn  and  Hi  runt  axl*  coincide  linn  lawn 
nimle.  Tim  tangent  In!  iuuI  nomnil  dynamical  wpm- 
Hiiijn  are  reopeet  1  vely 

~~  "til  m  ^  ^  1  <!,m  n  ”  1,1  0°) 

mill 

ir  ,>f'  ir  ,u> 

0  It  "*  “  a  Vh’  i/j  “*  "  II' con  /'  -f»  TnIiio,  (SKI) 

wlinin  /{  |n  tlin  I'm  Hun  of  eurvut  lire,  Tin*  kincmutlml 

l'l|llllt lllllN  Itf  IMIl'HIllt.  Ill'll 

ill ) 

III  **  “ivi'two  4-  I'm  ciin  f /’  -  o),  (21) 

<ll‘  ih r  i  r 

it!  ~  iii  m  ~  ,,  +  Ni"  (l>  r»)3*  (22) 

To  lilllUi*  IIiIn  net  of  11111111111*111'  t*i|iliiliniiM  it  In  iicCcn- 
nih',V!  to  ileti'iniliie  Hie  ni'i'oilyiiiiiiili*  I'liiiNtniitN  foe  n 
pnrllcnlnr  iilrpln  tie  nt  u  fin  rt  lei  tin  r  Hii'ottlc  Netting; 
to  iiHNign  mi  i  It  ii  I  ile  liilllnl  Vnliii'N  to  tin*  vnrinlili'N,  vp, 
l‘  i  Oi  /'I  ii  ml  to  prneei'il  wit  It  l  lie  Integral  ion  liy  u 
NyNteniiille  proccMN,  Delinito  funnidiiM  me  iivhIIiiIiIc,94 
eiuililliig  oiie  to  |iriii*t*i*i|  illi'cetly  fnnn  tin*  pei-t‘urni> 
mien  vnlui-N  of  propeller  t'lHeleiicy,  iiutxliiiiilii  engine 
I't'ii  ke  power,  mu!  I  lie  rniTCN|Minding  maximum  level 
lllglit  N|tei*il  nt  o  cert  ii  III  nlllluile,  when  ciinililueil 
with  the  weight  mnl  iilrplmie  geoinelry,  In  the  i*oii- 
NtnutN  /),  lt  of  ot|iiiitl(iiiN  (111)  mill  (20),  Turning 
Oi'Ni  to  the  luiliiil  i’iiIik'n,  (•#.*,  I‘,  mnl  e  inny  In*  Njieei* 
lleil  nt  p leiiMitre  nt  I  •«  0, 

It  i«  mil  nt  nil  evident,  however,  wlml  liilllnl  value 
lor  the  niigli*  of  ntlnek  i*  nIiiiiiIiI  he  Nclcrtcd,  Thin 
choice  In  connected  with  the  md lire  nf  Hint  port  of 
the  lllglit  path  to  which  noiiii*  I  tecum  In  permitted, 
"lik’li  JiinI  precedi'N  liilliiillttu  of  the  guiiNdienrlng 
I'hiinc,  riniN,  depending  oil  the  choice  of  o  In  the 
' ini m I  range  from  T  to  12”,  It  would  uppenr  Hint  n 
f'lmilll  of  curven  In  |ionn|IsIi',  l,'ortiiniilely,  however, 
ininierlriil  llilcgrntliiii  deininiNt rules  the  exlntcuee  of 
ii  Imiiiiilurit  /«//«'  vjhrl,  Tliiit  In,  the  dive  angle  vi'Cniin 
time  curve  u  III  nIihw  ii  Nhmp  hook  over  mi  interval  of 
a houl  iiue-lnilf  Neeimd  TIiIn  menus  Ilinl  ililTnrent 
hdt lot  clmleen  of  o  generate  n  funnel  leiolhig  tu  it 
'ini'l'i"  ''nine  of  I1  and  emit  liming  an  a  Nlugle  curve, 
Hv  ext  m  |  loin  I  Ion  of  HiIn  Nlugle  eurve  Imek  to  the 
lulthil  time,  what  tuny  heeidh'il  a  miturnl  lidthi i  value 
fur  a  In  determined,  An  the  llinil  |iohit,  in  the  iIInciin.- 
nImii  nf  Ihe  ni*I  of  (*i|iiiit Iiiiin,  It,  niiiy  he  noted  Unit  id- 
Ihnilgli  iiiliiii'i'leiil  liitegriitloli  In  leiiNlhle  H  jinllchiiiM 
hleml #I1  of  graphical  ami  miimigriiplile  prneeilureN  In 
enlightening, 
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a.i.a  Comph'ta  Thrw-IMmt*ni*lonal 
EqmiliotiM 

Tim  illxeiiHMliiK  nf  tin*  trim  nermlynmnle  lend  |iur- 
milt  imrve  of  HeeHon  .1,4  I  nmy  now  lie  extended  to 
flow  (IlmotinlniiXi  Tlio  t  rent  incut  Ik  eompllenled  1  *y 
the  bunking  of  Mto  lighter  (ttiil  by  I  bn  lutrinliietioii  of 
IiulIlKlIe  I'onmlilomtloiiH  In  determining  llm  lend  Inken 
by  n  perfect  lighter  pilot  nt  encli  hwhiitl,  (A  lltml 
eiimptlrnllnii,  Unit  of  idlnwhig  for  Hldewllp  by  niciiiw 
of  on  inlilltloiml  tnrin  IiivoIvIhk  it  ciumk  fnree,  Inm 
linen  eniiKldered  In  onn  m'cninit.1"  TIiIh  IoihIk  to  more 
vnrliiblnn  I  linn  ciginthiii*  ItecmiM*  nf  tin*  freedom 
pni'iiilltntl  llm  pilot  in  llm  nnioinit  of  kIIp  iotil 
dnew  mil  filinlHli  n  iiliit|ili-  mirvn,  There  Ik  expert* 
limiilnl  evidence*"'1'"  I  lint  tighter  pllut n  nun  lly 
eonrwi'K  rlemily.)  Il  will  bnn»»iinnil  helms  (lint  limn* 
Ih  no  nli  |>>m||p,  In  mlijlliiiii  In  t  llin  nt  Ipultll  lull,  mill  t«*»n 
ini'  fnrllii'i' i|iinlllb'il  by  wippoNltiK  tlmt  llm  bomber 
)il*i ii'i't <«ln  nil  n  wlrnighl  nnd  li’vcl  truck  n(  count  mil 
npii'i  I)  1 1  in  t  llm  tijclit  i'r'n  llimtlli'  wiling  Ik  loll  mi» 
•'bunged,  ninl  I  bill  llm  HToi'l  nl  grnvlly  on  llm  lighter')* 
IiiiIIHk  nmy  lm  neglected  Tim  IiikI  mmkiiiii|iIIoii  Ik 
lolniblt'  Imi'iiiiKi'  llm  nltiml  of  grnvlly  on  llnm  of  Might 
iK  negligible  Mini  llm  ilnip  llwolf,  nvor  I  In*  mugew  in 
ipii'KlIon,  Ik  nennlbly  removed  by  n  Kllglit  oli'vnllon  of 
llm  Kim  ovoi'  llm  nlglil  Him.  linllol  pnllcriiK  mi'  not 
i'oiikIiIi'H'iI.  Il  Ik  Kiippuwcd  tlmt  vnl'lnbli’  it  Ini  Ik  tnknii 
In  produce  I'oiillinioiiK  bnllt'l  Inipnol  nl  oim  point  of 
tlm  bomber  i n i'm '( 

Tim  in  on  I  I'oiivi'iileiil  ho  I  of  nipmliohK  tlmt  Iiiik 
been  derived11""  Ik  wl  up  with  ii'Kpoel  to  llm  revtl- 
litieni'  liujeeloi'.v  li'iivcrned  In  Kpnee  by  llm  bullet  In 
going  from  llm  lighter  lo  llm  point  of  linpni't  TIiIk 
nil'  inline  Ik  ilenoteil  by  r  ninl  Iiiik  nil  nrlmiilli  </> 
limiiKiiieil  i'oiiiileii‘|oek"i.m  from  llm  forwmd  illi'er 
I  Inti  of  boinlmr  Inivel  nl  llm  point  of  linpiml  ninl  mi 
eli'Vnlion  0  with  roKpeet  lo  llm  liorlKotilnl  plmm.  Tim 
migle  oileiioli'K  the  migle  nf  nllnek  of  llilw  (nijeelmy, 
|,e,,  llm  tingle  bet  ween  llm  dlli'Hlon  of  niollon  of  (lie 
fighter  ninl  llm  Irojcelnry  nl  llm  nmiimnl  of  lie* 
pull  lire.  Tim  miitle  »i  in  llm  migle  llxed  nl  IiikIiiIIiiIIoii, 
from  Ilii’HKl  uxi*  to  unit  Tlm  lunik  migle  fh  of  llm 
tighter  in  llm  migle  from  ilnil  perpemlli'iilur  lo  llm 
tnijt'i'lory  tlmt  Mow  In  n  verllrul  plmm  lo  llm  per* 
pemlleiiliir  In  llm  Imjni'lory  Mini  How  In  tin*  flglih<r'n 
plmm  of  Kymnmtry. 

'I’lm  I mlllwt lo  oloiimhtK  pri'Konl  nrni  i%  tlm  no ot- 
ule  voloelly  of  tlm  lighter' k  Iniltol }  u,,,  llm  velocity 
of  ilepm'tiiri'  of  tlm!  Imllet;  (I'u  +  Mi  mnl 
h  m  ll,lMMH(l|ii'n  when*  p  Ik  (lie  relative  i  mlllwt  lo  nlr 


denwlty  mnl  Ik  the  Appropriate  Imlllwtle  ooelflelmt., 
In  in  bill  Ion  lo  tli  ewe  primary  term*,  two  weondmy 
eomblimtlonis  nmy  bn  Introduced.  The  angle  «i  * 
fen  4-  tv/iiii)«  -  <i  re|iii>*oiitK  pliynleitlly  tlm  angle 
from  tliriwl  iixln  to  llm  aircraft. 'h  illrnelloii  of  flight. 
Again,  In  mil  I  k  of  feel,  mnl  feel,  per  wcond,  fill!  tltno 
of  flight  //In  given  by  iigHtllmi  (3)  of  (Ampler  I  nml  Im 


h 


yz 

'  V'm«  “  hr 


Tlm  ilerlvntlve  of  iIiIk  wllli  renped  lo  lime  Ik  Klmply 


With  i liowi *  lellei'K  llm  tangential  equation  Ik 


^  ^  *  *»  ||'(com  i*  win  H  4-  win  o  eiiK  0  cow  fl\) 

II 

4-  t  mm  in  -  i),  mi 


Il  in  evident  (lull  iIiIk  Kiiiiiinlng  of  I'orcen  In  llm  (light, 
dlii'elloli  glvc'K  nil  ei|mdlou  of  tlm  nnmo  form  iih 
oipint  bin  I  III),  Next ,  beeioiKi'  I  wo  unglen  mi'  required 
to  wperll'y  r,  I  wo  ei|iml|oi|K  lire  required  III  (lie  liormid 
dlreelloiiK,  TlieKe  eipinlloHK,  tiiken  together,  form  mi 
miulugilcfor  I  be  I  svo-dliimiinlooid  cnw[yqiin  t  loll  (lit))]. 
The  Mini  oi p ntl |i in  In 

II'  (  tliji  ill)  iht  \ 

/''V"  * . +  ,n) 

—  /,  ~  II  I  eoNiH'o«rtniMfj,  —  whin  KiiitP  4-  VkIiioi, 

(21) 

The  nlriM'liire  Ik  elenr  mnl  I  lie  projection  flielorn  (III 
pnreiil  ImwK)  lire  espoiMil,  The  third  o<  ft  in  t  Inn  eon* 
I  idle*  only  imeeli'iiilhilinl  ninl  gmvlllilioinil  I'oreeK  mid 
Mill  llmiel'ore  lie  liomogeimoiiK  In  II  II  Ik 


,  ,,f' 


(win  II  —  eol  it  now  0  eon  fi\) 


i/ifi 

ill 


eot  it  win  a i 


tin 


Kill  If 


<1(1 1 
ill 


II'kIii/Si  t'owff.  (2ft) 


We  iiiiik!  expect  lo  11  nd  lliree  kliminntle  W|iiitthili« 
iiIhh,  Tlm  rot  1 1 ili'oi  I  <  lev  hi  l  h m  funetloii  Ik  found  In- 
directly  by  notliiK  tlmt  tbedintmiei*  from  tliepowltlon 
of  llm  boinlmr  nt  Ihe  iiioiimnl  of  lire  In  llm  fillore 
linpnel  pnliil  iihnig  tlm  lunnbi'r'w  trnek  lw  I'nf/  where 
1/  Ik  tin*  Hum  of  lllglil  overr,  ll  fnlloww  tlmt  the  upiixl 
of  ihe  point  of  impact  Ik  e«  4  n»l/,  Il  Ik  mmb  u  gliowfc 
point  which  Ik  being  piiiwmd  nlnce  nil  wnrk  Ik  relative 
In  Hie  inijeetory,  (’oiiKiMpiently  by  pmjeethm  of  Hie 


CONKJDKNTlAb 


42 


im  «««  it  <:nivK« 


fljflitpr  npoed  mul  of  the  ghoMt  on  the  trnjeetorv 
tlio  mnito  into  oquiitloii 
fir 

:  *  -  Pf  con  «  -  r.((l  +  if)  con  4,  con  ft  (2tt) 


point,  arbitrary  behavior  on  the  [met  of  the  uttnok- 
Ihk  pilot,  mtlinr  Until  perfect  lorn  I  hnhuvhn',  etui  be 
Introduced  pninloMsIv, 


nilHt'M,  blindly,  (  wo  cqiudloiM  foe  tiio  ml  cm  of  change 
of  mbumlli  mul  olovotluii  of  tin*  trajectory  are  writ  I  on 
vln  project  Iiuim  iioi'iniil  lor,  ThoMooqiMiiloiiMiim 

lltjs  I 

ill  m  “  r  con  9  ^  wln  tr  K|fl  01  “  *'*< 1  +  '/)"•«  *]  (27) 
and 

>10  I  r 

ill  "  r  L,,r H,M  f* t,,,H **•'«(!  +f/M'on0«in0]'  {28) 


ll  will  bo  I'oinnnthoi’tnl  tl.nl  r  will  oi-our  in  tlio  loll- 
IiikiiI  niomboin  of  the  In «t  throe  cqiiotlotiM  ( tu< m iu.lt  if, 


Jnutmil  of  ntslintil  h  mul  rlovnlloii  of  1I10  trajectory 
|l  would  bo  pohmIIiIo  In  1  mo  im  loigiilni'  oiiiirdiimion  tlio 
ouglo  oIT  ImmiiIioi’m  track  of  llio  trajectory  mul  fin* 
oloviilloii  (i null*  of  l ho  (IimImmIimiooim!  plono  of  no- 
lion  TIiIm  would  Im  1111  Iicui'ImHc  rut  her  limn  a 
1  oolmloitl  linpi'ovoinoiit .  It  would  bring  tlio  hIIiiiiIIoii 
In  nyiniootry  with  tlio  imiiiiI  pit tni il t  oiirvo  ilcMi'ijpthiu 
in  forme  of  lunge  mid  angle  oil',  niui  would  expimn 
win  (Hoot  Idii  H.H.H)  by  Nlmwhig  llio  mIihv  ml  ill  loo  of 
tlio  plmio  of  notion, 

It  Im  hImo  evident  t  bid  by  proper  eholoo  of  tlio  fuue* 
tluii  giving  iIImIiuioo  I  lot,  woi'ii  liornbor  mid  llio  ghuMt, 


HyMtomutlc  mill  pmol*o  nintlmdn  of  mi  morion  I  Into- 
Kmtloii  of  miioIi  MyntofiM  mu  uvnllNlilv,1*''  nod  n  oon- 
Mldomblo  nmiibor  of  ooufww  covering  inodorn  tuothud 
rmiKoi  Including  hlglcMpoed  bmuboi'M  mid  flghtera 
Iiim  Ihm'ii  (lompiitod ,*■  (An  example  of  11  Irno  Hero* 
d.viininlo  lend  pi  1  mi  tit,  in  id  von  In  Figure  lb)  (Join* 
piitod  coiirMOM  Imvo  boon  onrofully  cninpuroil  with 
tliiiMo  nctnully  flown,*1*'  During  11  Might  itMMoiwmeiit 
program  lit  the  INttiixenl  Hlvor  Navid  Air  Hluthm, 
mi  Idl'd  Hub  lor  equipped  with  it  Murk  2it  gym  gun 
eight  ivum  llowu  ill  pui'Miiit  of  0  boinbor  wIiiino  epood 
uiw  bit) knote  11I  uii  iillll lolo old, Dili) ft  From  oiunoru 
iooui'iIm  llio  rniigo,  iijelumlli,  mid  olovntiun  of  llio 
lighter  with  roMpoct  to  the  bomber,  mid  the  Ilghler'M 

lend,  nt  ipiorlnr  . . mil  btlorvitiK,  wore  known.  To 

toet  llio  theory,  ll  l«  rciMoiniblc  to  hoIooI  Uiomo  nt- 
t /t  1  *k h  in  w libds  the  Ilghlor'N  loud  wim  well-nigh  per* 
tool  When  UiIm  Im  iIiiiio  the  oohii'lilouoo  hotwoon 
ouinpiitod  mid  oliMorvi'd  vhIhom  Im  quite  ronuirkitblo, 
Mlmwlng  mt  average  hIihhIiiIo  range  dUToroni'o  of 
nboiil  I)  yd,  mid  uvoriigo  iiIimiiIiiIo  ilifTorotli'OM  In  miglo 
nf  11  bunt  It)  in ) Ih. 

In  ooiii'biding  this  Moot  ion,  |t,  |h  to  |„,  omphiiMlnoil 
tliiit  the  mil 01  It'll  I'hnrui'lor  of  lliie  thoury  mIioiiIiI 
mnko  It  limnodhdoly  utiplioidilo  to  future  probloiiiM 
In  itorlid  wnrfnro  whet  her  they  deal  with  tilri'riift  ur 
IiiImmIIom, 


t„l  (Wit  TAIN  TACTICAL  CONNIDHHATIONM 

,'),1.l  (.nttiliot  M n licit vi't'M  liy  Itofnlicr 

I  hniugliiiiil  UiIm  chapter,  the  lioinlior  iiinlor  pur* 
Miiit  Iiim  iniivod  oti  11  m| might  lino  ouurMo  id  ootiNtmil 
IHl",(’d  ’I’blM  root  HI  non  r  iiMNiiinptlnii  Im  loimblo  In  the 
light  of  tlio  rnifiilrciiioiilM  of  miimmIvo  I'omiiilloiM,  the 
nut  lire  of  bombing  rniM,  mid  I'oiMldorntlun  of  rungo 
of  oporutlon.  However,  whenever  u  boinbor  uhimi  not 
idono  or  hi  11  very  miiiiiI'  I'ormidloii,  im  inny  well 
hnppou  id  nlghl,  im  putml,  or  on  piifhlindiug  Ihiii'm,  It 
limy  MitlTor  mu  I  urn  (Inn  nud  I'Kurdiiiollnii  nf  tuck  by 
I'lu'iuy  Ilghloi’M,  iignliMl  whh'h  Nitppnrt  fire  power 
i'liimul  bo  bmiigld  lu  hour,  Vluhmt  nud  frmitlo  ovu* 
m|\'0  lll't lull  MIIggOMlM  ItMI'lf  IM  It  lloll'IMlvO  IIIOIMIIHi. 

lint  further  tlmiighl  mIiuwm  Unit  ulthoiigli  Mitch  run- 
ilui"  oniirMo  ohiiiigoM  limy  mnko  llio  idiniiig  pniblom 
uf  mi  at  I  ticking  ilglttor  mum  dlftlenlt  mid  may  do- 
Mirny  llio  I'uiirdliiiifliiu  uf  two  ur  mure  idtnrkerN,  It 


CONFIDENTIAL 


COHTAiN  TACTICAL  CONSUMMATIONS 


43 


will  at  this  same  time  deceive  the  gunners  nf  the 
bomber  itself,  Instead  of  evasive  netlim  the  concept 
(if  combat  mmmiiWH  arises,  Tills  Is  a  <lHt)>«»riit (>, 
planned,  hiiiI  properly  timed  maneuver  designed  to 
reduce  the  possibility  of  damage  to  Mil*  bomber  *"  by 
(I)  offering  the  fighter  a  changing  ilcflocilnn  In 
amount  mol  hi  line,  (2)  shortening  the  attack,  (3)  In- 
creaslng  the  loading  mi  the  fighter,  anil  (4)  making 
iihc  of  a  violent  mill  tni'lnilent  slipstream,  Hlnee  the 
maneuver  Is  |>l»nneil  mill  practiced,  one  may  pro* 
vliie  defending  gunners  with  a  speelfie  set  of  simple 
full’s  I'of  114 ni*ii  fir**,1'1*'  IBa  which  tun v  tlicrt'fiire  lie 
reiisoluibly  cfVcctlvc,  The  most  common  conduit 
maneuvers  ufe  steep  diving  lui’iis  mill  corkscrews, 
Only  the  corkscrew  will  he  illsensscil,  Tills  iiuiiicuvcr 
has  the  inli  lei  I  lulvuuliigi’s  of  iiniiiitninliig  menu  truck 
mill  (scnslhly)  height,  mill  of  lining  the  Imst  counter 
ugiihist  ii  cooi’illiintcil  attack, 

ll  Is  not  prolltnhlc  |o  at  tempt  mi  exact  tun t  lic» 
mat  leal  solution  ol  the  prohlcm  of  a  lighter  follow  ing 
a  In  uni  »i*i‘  In  thi’  corkscrew,  The  tighter  cannot  lay 
olT  ili’tli’i'tlon  nearly  ns  well  ns  he  may  for  the  recti' 
Illicit r  case,  This  menus  i  hut  In*  will  point  In  ii  rniiiloni 
hislilon  In  the  nelglihorhooil  of  the  lend  point,  ns  nir 
cxpciimciits  show.'"*  Wlicii  necessary,  one  may 
rapidly  npprnlsc  the  situation  hy  tin  ohvlons  t Iiiih*- 
illincnslonnl  nniilogiic  of  the  midpiiinl  incilioil  of 
Unction  3,2.4,  A  stiniilnnl  corkscrew  to  port  niiiy  he 
i Ichc rll mil  ns  follows: lw' ,M  (I)  diving  turn  to  port, 
I'hnnghig  course  iiIimiii  30°,  losing  pcrhatis  I, IKK)  ft, 
nml  Imlldiiig  liullcntcil  alrspceil  up  to  221!  nipli, 
t2)  clhulilng  turn  to  port  gnliihig  perhaps  70ti  ft,  mid 
losing  speed  to  I  Nil  nipli,  (3)  rolling  nml  con!  Inning 
with  ii  clhiihlng  I  urn  to  sloi'honnl  gnhiltig  perhaps 
3(K)  ft ,  nml  losing  speed  to  I  At )  nipli ,  ( 1 1  diving  turn 
to  stnrlioard  until  speed  Is  nliont  Mill  nipli,  (A)  rolling 
mnl  contlmihig  with  a  diving  turn  to  port  until 
speed  Is  til  tout  220  ill  ph  And  the  cycle  niny  lie  non* 
tinned,  Note  that  after  Hem  (3)  the  eonmi' should  lie 
I  nick  on  the  opposite  side  of  the  oi’lglinil  heading  hy 
30",  About  Wit)  It  will  he  lost  during  the  cycle,  mid 
Alt*  will  he  nliont  file  iiuixtiiinm  hank,  The  time  per 
cycle  Is  nliont  17  see,  which  allows  I  sec  lor  oiii'li 
chinige  and  for  each  roll,  nml  allows  N,  0,  A,  0  sec 
respectively  for  the  four  phases  of  a  eycle, 

K,A,2  Kfltal  of  I liffli  Aim'll  Number* 
on  oil  At  lack 

The  I mul  In  military  aviation  Is  toward  higher  and 
higher  speeds  mnl  altitudes  for  Imlh  homhardment, 


and,  consequently,  pursuit  operations,  When  a  high* 
stieed  fighter  attempts  to  attack  a  high-speed  homlier 
on  a  pursuit  curve,  it  Is  apparent  from  cipiatlon  fO) 
that  high  loading  will  result  at  material  ttngleu  off 
stern,  ami  at  those  ranges  within  which  ordinary 
minmiuitiiiu  Is  effective,  Although  It,  Is  nut  known 
exactly  how  load  and  growth  of  load  affect,  the  pilot’s 
aiming,  there  still  exist  upper  load  hounds  which  may 
nut  he  exceeded  fur  physiological  ami  nen (dynamical 
reasons,  Hlnckoiit  (hut  not  the  weight  of  the  llmlis) 
may  Im  Inlilhlted  liy  the  use  of  suitable  antlpressiire 
suits,  The  m'l'oilyiauiilcul  restriction,  however,  liclug 
u  quest  hm  of  w  hig  design,  Is  not  so  rcmlll)  dismissed, 
This  restriction  may  he  considered  In  some  detail.1'* 


The  Mach  uunilier  M  Is  the  ratio  of  the  speed  of  a 
hody  to  the  speed  of  sound  Hlnre  the  speed  of  siiuml 
decreases  with  nltitiiilc  from  alioiif  7ttl  mpli  at  sea 
level  to  iihoiil  Hill)  mpli  at  At),tlt)l)  ft  (true  airspeed), 
those  modern  aircruft  di’slgueil  to  perform  hast  at 
idtltmle  must  nccept  Mach  mmihers  upproiichliig 
unity.  I*'ur  each  whig  there  exist n  ii  curve  giving  u 
critical  value  for  the  lift  eoelllelent  <’t.  In  terms  of  the 
Miieh  number,  At  any  given  Mach  number,  an  at¬ 
tempt  tu  exceed  tills  critical  value  will  lend  tu  ex¬ 
cessive  shudder  and  vihmtlmi  which  may  result  In 
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Htructnml  damage.*1  Onnwninonl  ly,  If  the  nfT«n*l  I v«» 
weight  Hhi  of  Mm*  airplane  minim*  a  lift  eoellMcnt 
Itt  cxccnn  of  f'/,«Hi.Mliii(«lrilnnHight  imiat  bo  accepted, 
Figure  12  nhmva  it  typical  curve,  If  resembloN  Mm 
critical  curve  for  Jot  lighten*, 

With  flto  itld  of  flio  *ru  curve,  region*  of  com¬ 
fortable  lllglil  In  cnnrdlnatcH  of  loud  veraim  lodli'iifod 
n  Impend  limy  bo  obtained,  Tin*  IAS  of  atoll  nt 
Af  «■  0,2  Im  iiii  efficient  parameter  In  Mu*  iIImimimmIoii, 
A  I'ondlly  doiiucod  approximate  forinnltt  for  tlio 
Ntidling  K|M*rd  nim  at  M  »  0,2  I* 

i'iiu  **  HI  Whig  hauling, 

where  run  i*t  In  iniloH  |iorlionr,  tind  tlio  Iniidlug  In  in 
pound*  |ior  wfimti*  foot,  With  tlio  old  of  cigadliiii  (I  A), 
(In'  onrvo  of  orltlonl  loud,  «,  ver*n*  IAS,  r,  for  u  given 
idtitodc,  In  given  by 

I' . .  *  r» 

.  !«,*!,■  n"h 

where  a  In  the  IAS  of  noiiiiiI  id  tlio  oIionoi*  iiltltude, 
An  /•'< r)  fiimlly,  with  the  itltltiule  a*  parameter,  In  ii 
MONted  no!  of  iirolieN  with  leg*  Net  on  tin1  lint'  n  »  I, 
An  the  iillllnde  liiereiiNON,  the  region  of  comfortable 
lllgld  no  bomtiled  NhrlnkN  nuiterhilly.  Such  enrvi'N, 
when  iiNi'd  In  I'onjn notion  with  the  load  fuotnr  forum* 


*  l’’t ir  vi»r,y  low  Miii'li  iiiiuiIh'in,  iiniiiloni|it  loeveocil  f'j,  »,u 
Ii'ihI*  In  1  lie  tiKiml  l y | mi  of  nIiiII, 


la*  of  Section  II ,2, A  and  Mm  third  form  of  Section 
!l,2,tt,  define  n  region,  bounded  by  a  ehwed  range 
verNim  itngle  off  curve,  within  which  a  lighter  eitnnofc 
ponefrufe  on  it  pui'Niilt  eurvo  attack, 

3,6  HUMMAMY 

Heethui  !{,  I  iIIwounmom  the  tnetleirl  Net  ting  of  ptuwiit 
curve*  In  uerlid  wnrfnre,  mid  omiNidorn  the  wiimoiim 
why  it,  detuiled  windy  of  mieli  elirvoN  |«  a  preroi|itlwlto 
for  ginmery  InveNtlgntloiiN, 

Soot  loti  It, 2  iIoiiIn  with  the  geometry  of  pure  and 
deviated  pnrNiilt  onrveN,  The  centrifugal  force*  ex¬ 
perience  I  In  Kill'll  enrvi'N  In  eiiinpnted,  and  genera! 
i'nrmnhiN  for  the  tutu  I  force  -  gravity  phiN  eentrlf- 
ngnl  lire  given, 

Section  It, It  ri'vleWN  mid  rellneN  the  theory  of  lived 
gunnery  In  order  lodetermlne  mure  exactly  the  angle 
by  which  the  nttnrkltig  lighter  deviate*  from  pure 
tmi'Niiit.  The  angle  of  nttuek  of  the  fighter'*  giniN  In 
evtilored  in  detnii,  iilnec  MiIn  deterinlneN  the  devlutlim 
n h  iiiiioIi  iin  doei*  the  dellecMun  taken  by  the  lighter, 
In  Section  !t,4,  the  uimtoiny  of  the  trim  aerody* 
uioiiie  lend  puma  It  curve  In  enimlderod.  Tim  Impor¬ 
tant  polniN  are  Mint  the  lighter  upecd  mid  the  onrva- 
tnr*'  of  i be  coiicnc  are  now  variable*  of  the  problem, 
Section  It. A  diHcuwwew  a  voiding  notion  on  the  part 
of  the  bomber  mid  the  aerodynamic  IbnltaUoiiN  on 
the  lighter  In  making  a  pni’Hiilt  curve  mtio'k, 


C'ONFIDHNTIAM 


Chapter  1 

OWN-SI’KKO  SIGHTS 


4.1  introduction 

1.1.1  INisIlInmil  and  Halt*  Deflection 

Korimila* 

Till'!  Ilin'MIl'TION  foiilllllns  iloillieeil  111  <  *’ 

lire  essonllully  iif  two  typos,  One  type  uson 

Velocities  Mill  I  MORION  til  till’  ll'llll  llllll  t  III’ 

other  employs  miRiilnr  nit  os  mi  >n  hi  i  in  I  lit  iln>  kuii, 
Hini'o  llu>  tii'Nt  type  Is  sonslliiy  |i<ih|| IdimiI,  simple 
meehmilKiitloii  nppems  plnnsllilo,  The  limit*  eouiplh 
i'll t ml  I iiohli'liiH  liilri ilium  I  1 1\  ||ii>  necessity  ut'  inons- 
niliiR  rules  Hill  In*  (li'iill  with  In  <'lmji!i>i‘  ft,  This 
cltii | »l i  i  oonshlors  only  developments  nf  t in>  non- 
imgiilm'-nile  l*i >i*ii 1 1 1 li i w . 

i.i.l’  Prediction  nf  AppitMtch  \nt*lc 

ll  whs  pointed  mil  111  Heel  Ion  2,2, It  llml  |  ii  ih|  t  limn  I 
iWmulns,  til'  wlih'li  i'i|imlliiii  ( I !  Ih  t y pii'ii i,  ri*ipiln*  u 
Milne  fur  the  iip|il‘i  hm'Ii  imikIi*  of  I  In*  IiiircI,  noil  Hint 
Hil«  Viillli1  I"  toil  t'onillly  i  lien  mi  i  i’i  'i  I .  ’I'lie  iillenml  ivo  In 
In  predict  I ln>  n|i|iroiii>li  iiiirIo  Tills  I'on  lie  linin'  liy 
iiNHiinililH  llml  ii  i|iill<'  spooliil  I  net  lent  nit  i  in  t  ii  ii  i  Ih  nl 
liniiil,  The  iii'itnmi'iil  follows. 

Tlie  pi'llmny  fillM'lloii  of  Hu1  defensive  Runneiy  of 
n  homlicr  Ih  In  proM'iil  It o  mvn  iilienifl  from  hehiR 
hIiiiI  down  Hiip|ioi'lhig  ollii'!1  iiii'ioln'iH  of  n  fninmtlnii 
liy  cross  lli'c  Ih  it  Hi'i'oiuliuy  fiilietlon,  mill  i li'i'linn I Inp; 
no  eiii'iiiy  IIrIiIpi'  fiii'ii'  Ih  loll  Ini', 4 ,  A  IIrIiIoi1  iilImkliiR 
on  u  |  ii  |  owl  lit  I'lli'Vo  Ih  most  likely  lo  hIiiioI  ilmvn  I  lie 
Imuilier,  ho  llml  llio  defensive  jjuniii'iy  In  osor- 
i'IhIiir  Its  iiiliimry  funi'lion  mils)  i lin I  «nl«*i fiinli'ly 
vvllll  Kill'll  lllltll'kH.  I'Nll't lltlllll'I.V,  Mltpl'l Hit'll  IIIIrIi'  llllll 
I'OIII'HO  I'll  l'\'ll  1 1 1  ri '  1*1*11  III'  pl'l'l  lll'tl'l  t  fill'  plII'HIlIl  OIII'Vl'H, 

mnl  this  pi'ci  I  Ii  '  l  Ii  h  i  limy  lie  iillllimd  In  llio  iIohIrm  of 
n  iiii'i'IiiiiiIhiii,  My  InkliiR  ndvitiiltiRo  of  siioii  n  Hpoi'lnl 
mnl  iIiiiiroi'ihih  hIIiiiiIIiiii,  simple  lli’c  I'liiiti'ol  inny  lie 
ili'volopml  which  limy  lie  i<|<i<rnl n I  with  it  miIiiIiiiiiiii 
of  iiiiiulpiilntlon  niToi'  mi  llio  purl,  of  llio  unuiH'i'. 
Tills  Ik  llio  IimkIo  IorIi'  of  liio  olmptoi', 

It,  Ik  iiIivIiiiin  llml  lire  emit  ml  kIiiiiiIiI  ooimnll  Ilsclf 


(o  Kiioli  prciliollini  of  llio  nl  1  ui'ki'1'’H  lioliitvlor  only  If 
wiiiTMitlml  liy  llio  oiiiToiil  IhoiIi'iiI  Kllimlioii  mnl,  even 
t  lii'ii.  only  If  iiiiiio  lloxililo  oi  in  I  I'iiI  Ik  Iohm  olToollvo  Iso* 
on  oho  of  i  llllloiill  low  in  iIonIrk,  pit  nliii'tloii,  or  nmnipu* 
Inlioii.  Hliioo,  In  nililllliiii,  kiioIi  enmmll iiiout  ImpIloH 

tlllll  till'  (lofl'IlKO  IllRS  llio  olToilKO  (It  |  X'll  It  1 1 H  |  III*  l(|}> 

pniii'iil  In  koI  llio  tin*! Iok  liofoi'o  ll  mill  lie  iIokIriioiI),  il 
folImvK  llml  1 1 1  Ih  type  of  iloponiloiioo  on  oiiomy 
I'oopoi'iilloii  Ik  n  slnpRiip  procedure  'I'll Ih  oiniploi'  In 
llio  history  of  kiii'Ii  n  NtnpKtip  llio  own-speed  kIrIiI, 

A  K|ioolnlixi'il  woitpi in  Ik  iIokIruoiI  Id  moot  no  o.\- 
pooloil  of  u  kIvoii  oIiikk  of  luollmil  kIIiiiiIIiiiik, 

|',k„  nvoinjto  lighter  speeds  mnl  nvoriiRo  n  I  luck 
iiiukon  A  pi'opunonl  nf  n  moro  tlesllilo  weapon,  tin II- 
vIiIuiiIIkihI  In noooiiol  Ini'  vni’lnl Iiiiik  In  llio o|ipiilio(it'K 
I ioIiii vini',  inny  justly  noIko  upnii  iIiIk  point, 

i . i . a  IMIiilllini  nf  Own>S|icc(l  Might 

An  own-speed  hIrIiI  Ik  h  mcchmilsiii  llml  iIlKpIni'i'K 
llio  Imi'o  ii\|k  of  ii  riiii  fnim  llio  lino  of  kIrIiI  i i.v  mi 
IIHrIo  I'll  sin  r  I'm,  will'll'  till'  RIIIHIOIIIIll  Velocity  I',/ 
nlol  llio  miusxlo  voloolly  o„  nl'o  proKot  The  vniinlilo 
kIxo  nf  ||i|h  iuirIo  iIi'PoimIn,  llioo,  only  on  llio  positional 
iiiirIo  r,  or  llio  HIirIo  i  iIT  nf  llio  I  lll'RI'l  wit  1 1  I'OKpoi'f  In 
llio  nlroi'nlTK  illi'oollnii  of  niollnii.  Tlio  iIlKpInooiiioiif 
iiiirIo  Ik  IiiIiI  olT  Inward  llio  I’oni'  of  llio  IliiiiR  nll'oi'iil'l  In 
llio  plmio  .if  ml  Ion  Hlnee  liionnt  voloolly  mnl  pro* 
pollntil  voloolly  ooinlilno  nomii'illiiR  lo  kiioIi  mi  iiiirIo 
In  ylolilhiR  llio  IhiIIoI'k  voloolly  of  ili'piU'liii'o,  it  linllel 
illt'ocloil  by  l Ills  mooliiiiilKin  will  depart  along  Him 
lino  of  kIrIiI,  To  hit  n  tisoil  riommiI  I  ingot  ok  it  calm 
ilny,  llio  Riniiior  noml  only  IiiiIiI  llio  kIrIiI  on  target 
mnl  tin*.  There  Ik  no  i'iiiirIiir  with  mi  otvn -speed  sight. 
To  lilt  n  HrIiIoi'  id  looking  oit  n  pui'Killl  mii'vo,  soimi 
poroonlitRo  of  I'n  (Ronomlly  Iokk  Until  HID)  In  koI  Ik  lo 
iIooi’ohko  llio  full  own-Kpooil  ilotloi'l Ion.  Tim  roHw.ni  Is 
llml  llio  IIrIiIoi'  ilovlnlos  I'orwiihl  nf  llio  lino  of  sight 
(of  llio  liisuiiil  of  Hi***,)  during  llio  IhiIIoI'k  limo  of 
flight,  MiioIi  of  (Ills  chapter  Is  coiiocnicil  with  this 
poi'i'oiilnRo  fuel  or, 
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1  3,li0(),  J  lots  it  is  mmisricully  mwonitble  (y,  |<w 
Mr  -  (¥,/  him  r)/r,  mul  oo*  4  »  |  to  obtain 


4,2.1  Percentage  Fur  (or  for  Pure 
Ptimuit 

l',,r  11  Piirwiilt  cum-  thn  npprnueli  initio  „  |* 
nbvii.vM  *cro  mul  Mm  tnrgot  w|«*«»i  Is  eotislmit.  Hln«>«i 

Mii«  fliirvo  Ill's  In  the  plmtc  of  imti .  foimiilii*  (Ho) 

mill  (8b)  of  Clmptor  2  itpply  uml  y|o|,i 

sill  A  *  ~%ln  f  ~  J ,/ff  Vr  Mr. 

Kor  pure  pursuit  Wy.  •»  r  mill,  by  eipmtlon  (2)  of  ( 'Imp. 
lot*  H  with  Polotloiitil  plmugos,  wj  «■  (r,,  *1,1  r)  r 
1 1  wiiMi 

i  ‘ii 


slit  A 
A' i 


A'i  1,1  sbl  r 


t'u 


I 


vr 

Hr 


bfh 


vr 


(3) 


sin  A  **  A‘„  m 1 1 1 


'll  sill  1 

I*,, 


ft'::  **  I  -»  hill 


Vr 


(I) 


Tills  Ini  rolling's  tint  porreiibige  k\  referred  to 
nl  t  lie  phi  I  ot  Mpptiou  For  u  pm,,  pnrsiili  curve 
I'ODipulHtlims  slum-  tlmi 


C,*"')  *» 


I  -1 


i'r 


'  •Ih  f  ~  i>„ 

is  nil  excellent,  Iippmxliiiiitlon  mill  „,|t|i 

I’Hl  Ili’l'  esMiimtc,""'  'I’lin  i‘h|  lioutii e* 


L  - 


I 


I  + 


Is  llllt  HO  lllippv, 


IV 

I'll 


4. 2, ;i  Percentage  Factor  for  Aero¬ 

dynamic  Lead  Pursuit 

(  oiisIiIit  iiihv  mi  iioiVMiyuuintc  lend  pursuit  fiirvo 
it!  M'P  SPMSP  of  Hurt Ion  Interpret  Mip  tingle  of 
nMiick  o  ol  Mip  menu  burr  nxls  of  Mip  fighter's  guns  us 
Mml  I'oiiipom  nt  of  tliP  trim  ,*  which  lie-  in  M„,  p|nne 
ol  lll'lioll.  (All  I'MII'I  Olllilvsls  tills  |)l'|l||  IIIMllo,*Sl'J 
Tlu>  ilpvltiMon  tingle  4  Is 

4  «  Ai  -  n  *  ‘"nil,  r  -  «,  (4) 

Hr  Siii'  -f*  Vr 

M  is  mm  I'vliJrut  Mmt  iipproprlnto  combhwUim  of 
(Htimtloii  (  I),  pipmtlon  (II)  of  Clmpter  H  (extended 
t<>  Kivu  n  by  I'oiiibliiiiMoii  of  n„  with  grnvlty),  mill 
'''l"i'tl°"  W  "III  yield  till*  iIpIIppMoii  to  tnkp  ugidiist 
it  IIhIiIi'I'  nl  tin 'king  on  no  ni'imlyiiiimlc  lend  pursull 
t'lirvp,  ns  it  fpiH't Ion  ,,f  iiltltiiijp,  I'Hiigp,  angle  off, 
spi'i’ils,  Imllislli's  of  tin*  two  typos  of  iilill»iiiilMoi>, 
imtl  lighter  typo,  C'oiislilomtliH,  of  dm  reiiiilrod 
"l«"'»i"  »•»««’»  tlmi  It  will  not  Im  posslblo  to  fiimor 
out  (i'll  sin  r)  r„  us  wns  ilmio  In  determining  Mi  mill 
si  Hut  olio  urn  still  wrlip 


slit  A 


A'#  slit  f, 

i'n 


4,2,2  Percentage  Factor  for  Deviated 
Puraidt 

If  Mil*  lighter,  Willie  still  tlyhig  III  Mip  plmip  of 
lif'tloli,  litis  u  (levin I  loll  uilgle  4  (sop  Figure  I  of 
('liliplPl'it),  fomililiis  (Nil)  mul  (8b)  of  ( 'lutplpr  2 give 

sin  A  -  "  sin  r  -  i/'7  sin  4  -  }  ,jt,  Vr  Ur  ,.IW  fli  (2) 

"  I  (I  |ijj 

III  Mils  PUMP  --()+!)„  *||(  (r  +  t)yfi 

Hot  for  it  I  phi  I  piit'sull  piii'Vp  wp  limy  tnkp  sin  4  - 
(i'n  sin  r)  Hr,  where*  l/il,.  |-  purely  greuler  tliiui 

jI'Iip  siil«si1|,t  T  . mis  lt.nl,  n  illsllnptlmi  hrttvwn  ttm 

IhuiimIp,  ,""1  . . .  'HiiipiMilltnii  must 


mol  Mip  dependence  of  on  llic  spppil  of  Mip  gun 
inooiil  will  hr  mu  s(i(//i/  linlppil  lu  fuot,  If  Mip  mil- 
iimiiimIdii  Mhi m|  liy  t lit»  <Iiip||«(n  \#  glvi'M,  fho  imm'- 
''"|‘t"«P  |,,"'t(»'  *'»  "III  ilcppinl  on  (Iglttpp  type,  iiltltmlp 
(iifTpet lug  Mip  lipimvbtr  of  Hip  ilglitpr  mul  bnlllstlos), 
rmige  (iiffeetlog  lonil  nml  IihIIUMps),  llglitpp  soppiI, 
mul  iiiikIp  off, 

4,2.4  VarlaltleN  on  Which  Per¬ 
centage  Factor  Dc|ion<tn 

If  only  one  of  the  Inst  four  wIiiIjIps  Is  viu'IpiI,  Mipii 

. .  predlet Ions  ul.oiit  the  vnrb 

hMoii  lu  hi  piui  lie  nun  Ip,  oh  Mip  bimls  of  Mip  physics  uf 
Mip  si  I  nut  Ion,  (I)  If  Mip  iiltltmlp  Is  Ittpi'PiwPil,  Mm  |p, p| 

ii'ipili'ml  of  Mm  flglitPi1  pilot  . . uses  sltmo  his  bullnt-s 

itn-  bister,  Mini,  part  of  tlm  tot.il  lomt  m,ulrml  of  Mm 
ImmbPi*  lo  itllow  for  tm’it«»,  inoMoti  tlppromips  Impitiwo 
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of  less  motion  anti  faster  homlw  bullrds,  ami  both 
effects  cm  use  til®  required  percentage?  to  inemm, 
(2)  If  the  range  imrvam,  there  la  less  loud  on  Mm 
fighter,  I  ohm  angle  of  at  tack,  IiIm  pnMi  is  fit  wo  r  to  a 
load  pursuit,  mure  allowance  for  target  motion  is 
required,  the  kt  theream,  (;»)  If  thn  fighter  spent! 
inm me*,  Min  greater  (argot  motion  forward  mow 
than  c't >m  penalties  for  the  Inoroasotl  load  which  trios 
to  make  the  flight  path  ottino  elnw*r  to  pure  pursuit, 
and  k%  thermite*,  (4)  In  the  forward  hemisphere  thn 
future  ranges  nre  loss  than  in  the  roar  hemisphere 
nnii  moan  bullet  velocities  art*  higher,  so  that  the 
percentage  Is  somewhat  greater  In  the  forward  hoinl* 
sphere,  (5)  As  angle  off  tends  to  U*  or  to  ISO*,  starting 
at  a  point  somewhat  forward  of  the  beam  beeaose  of 
item  (4),  load  decreases,  the  path  is  olnsor  to  a  lead 
pursuit,  more  allowance  for  forward  target  motion  Is 
required,  and  tin*  percentage  them \*en,  In  sum,  tin* 
defending  gun  moves  forward  from  Its  full  own-speed 
position  to  allow  for  target  motion  forward  of  the 
line  of  sight  at  the  instant  of  fire.  It  will  still  point 
liehlnd  tin*  line  of  sight  at  a  percentage  of  (lie  full 
value  that  varies  as  discussed  above. 

These  predictions  arc  home  out  by  careful  compu¬ 
tation  **»  and  may  In*  made  very  evident  graphi¬ 
cally."1*  For  a  tighter  of  (’lass  ,/j  (Table  !I  of  Chapter 
3)  at  a  TVttS'  of  31  ft  rnpli,  and  attacking  at  22,(MK)  ft, 
the  way  In  wide!)  kt  varies  with  range  and  angle  off  Is 


Fimas  I.  VnrlHlIon  of  *•  tvlili  range  mol  angle  off 


shown  in  Figure  I.  The  fighter's  ammunition  Is 
elinnu’terlsed  hy  Cn  «*  2,357  fps  mid  t%  »  0.24,  and 
the  bomber's  aimmndtlnii  b,v  i'„  «-  2,70!)  fps  and 
e»  -  0  4(J. 


4,:,s  Cltoicr!  of  Optimum 
I'l'rmtlMgcs 

One  of  the  most  Importnnt  ways  In  wideli  an  own- 
speed  sight  Is  kept  simple  is  by  avoiding  range  Input, 
The  second  way  hi  which  simplicity  Is  obtained  Is  by 
making  the  deflection  It  supplies  vary  nngidariy  only 
with  flic  slue  of  the  angle  off,  lienee  If  a  fixed  per¬ 
centage  of  own  speed  Is  to  In*  used,  a  value  of  k»  must 


be  selected  that  corresponds  to  some  average  range 
and  angle  off, 

The  cliolee  of  optimum  percentage  against  a 
fighter  of  a  given  elass  uttaeklng  at  a  given  speed  at 
an  assigned  altitude  may  he  made  as  follows, 'ih  Since 
A  “  sin  r)/e„,  (Mi  <-  (tin  esc  n/A)/cr,,  If  ail  error 
of  ±5  inllllradlans  can  lie  tolerated  in  deflection, 
Mien,  for  example,  at  -  225  rnpli  and  i*„  «  2, 7(H) 
fps  (eidlher  0,50  AP  M2  ammunition),  ilk*  ■  ±0,04 
esc  r,  If  the  curves  ±0,04  esc  r  (Figure  2)  are  drawn 


Piucmm  X  Overlay  for  Figure  t, 


on  tracing  paper,  then  the  band  defined  by  these 
curves  may  be  used  ns  an  overlay  on  Figure  I,  and 
one  may  see  what  parts  of  the  percentage  curves  fall 
to  lie  Itetweoti  the  two  cosecant  curves.  The  fanning 
out  at  the  ends  of  the  hand  Is  proper  since  a  large 
error  in  percentage  at  a  small  angle  off  means  ii  large 
percentage  error  In  a  small  deflection  which  can  give 
the  same  error  In  aim  as  a  small  pencil t age  error  In  a 
liirge  deflection,  The  overlay  can  now  lie  moved  up 
and  down  until  the  most  Important  none  Is  covered, 
For  the  example  used,  a  percentage  of  K3  Is  selected 
as  optimum.  It  will  lie  observed  that  the  4tK)-yd 
curve  from  30*  to  140*  Is  not  covered  by  tills  choice, 
nor  is  the  500-yd  curve  from  '0*  to  100*.  This  Is  not 
serious  since  at  these  polutM  a  lighter  Is  under  high 
loads,  (Coiubiit  plots  of  attacks  as  a  function  of 
range  and  angle  off  show  very  few  attacks  on  (lie 
beam  nt  close  range,)  In  choosing  the  percentage, 
long  ranges '•  Id  tin*  forward  hemisphere  are  emplia- 
slwxl,  This  makes  tin*  percentage  exact  at  expected 
typical  positions  of  the  attacker, 

A  summary  of  optimum  percentages  *'*  chosen  hy 
the  ulaivo  principles  Is  given  hy  Tallies  1  and  2, 

The  technique  of  this  subsection  shows  that  it  is 
not  necessary  to  use  a  special  percentage  fur  a  par¬ 
ticular  gnu  position,  such  as  nose  or  tall,  with  a 


11  Frontal  attack*  it  re  Initiated  by  longer  ranges  ls*csnsc  of 
lliclr  slcirt  duration,  snd  tin*  against  (Item  at  long  present 
range  means  tla*  fulora  range  Is  shnrt  laawtmn  of  Its!  rapid 
closure, 
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restricted  coni*  ol‘  fire,  It  also  shows  that  no  real  gain 
In  accuracy  would  result  by  elaborating  the  mcrlm- 
ulsin  to  vary  the  iMawntagc  as  mime  function  of  mode 
off,  However,  It  In  dear  that  variation  with  altitude 
and  fighter  speed  Is  significant  and  should  la*  taken 
Into  amount, 

Tahi.m  t,  Avcriigc  iiereriiinges  „f  uw(esime(l  (letter* 
t  loti, 

j v&r*mxTT^mErm 

Flgtder  eta**  f/,  fl,  J,  J, 
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I  ahi,n  12,  !t((lep(  for  «irtil I timil l*oi  of  average  iici* 
cciitngcs, 
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^agwatfwwiiiigiflgww 

Fighter  eliiss 

<h  ,/, 

1.  The  Iierceiilsge  nl  IHI.IXX)  fl  for 
8AII-aiptl  fighters  Is 

Nil 

M8 

70 

711 

a,  For  every  III.IXXI  ft  Itirmme  In 
nilllielc  nihl 

7 

H 

II 

7 

8,  For  every  tlXt-mph  femvisr  hi 
llgliler  «|>ee(l  mihtrai't 

II,  A 

II 

M 

It 

II 

4,  For  every  llXI-vd  iVmi*  hi 
I(CI0II  riiHRe  of  71X1  yd  mblrml 

8 

A 

a.A 

A  IIiiiiI  reduction  of  the  above  table*  has  been 
suggesleil  coiipcrntlvcly  by  l lie  Hcsenreh  Division  of 
the  Army  Air  Forces  Central  Helnnil  for  Flexible 
( limner, v  and  the  Applied  Miitheinntlrs  (Irmip  at 
C bilumlitti,1***  Flint  decide  oil  the  type  of  lighter  with 
which  one  must  emit  end,  eg,,  rlnss  ,/».  Hecondly, 
assume  that  this  fighter  will  operate  at  essentially 
the  some  IAN  at  all  altitudes,  e,g,,  »7A  tuph,  This 
will  eorrespoiid  lo  an  oiereaslng  TAN  at  Inereashig 
altitude  In  aeron laaee  with  Hat  font  note  to  Meet  Ion 
d.,‘18,  Thirdly,  eoustniet  it  chart  such  as  that  Illiis* 
tmteil  In  Figure  It,  In  wlilrh  the  slupe  of  cm  It  line  Is 
the  proper  ki  ',  In  this  chart  Him  opllimitn  percentage 
has  been  absorbed  to  produce  a  fictitious  own  speed 
Dt  »  kiVd,  and  full  own-speed  shouting  can  |»c  done 
with  i if),  Finally,  a  navigator  has  nvallahle  at  all 
times  Ills  TAN  and  altitude,  lie  Is  hi  a  position  to 
relay  to  gunners,  via  such  a  chart  (and  an  Intercom), 
the  appropriate  eft, 


4.8  VKHIFICATION  OF  THEORY 

4„i,i  Pro  mid  Con  Combat  Evidence 

The  own-speed  sight,  with  some  optimum  per¬ 
centage  of  the  true  airspeed  of  the  gim  mount  set  In, 
Is  useless  against  target  paths  which  differ  markedly 
from  aerodynamic  lead  pursuit  curves,  In  Justifica¬ 
tion,  then,  of  tills  specialised  weapon,  It  must  lie 
established  that  pursuit  curve  attacks  were  the  usual 
attacks  during  the  period  when  this  method  of  fire 


'«  i«  wo  ii*  i«e 

lUNSIS'l  AINISEK*  |MXH| 

Feu  an  II,  ('iiIchIhIIoii  Ik  (tie  air  of  ihvii-«|h'im|  selling 


•’(ini nil  was  lo  lie  used,  It  was  (lermaii  oplulun " 
Hint  l>5  per  cent  of  ail  at  tacks  of  World  War  II,  made 
by  ( lerniiiii  fighters  during  daylight  on  Allied  bomb- 
ers,  wen-  pursuit  curve  ntineks  with  an  attempt  at 
properly  varying  deflection  Mori'  nlijertlve  evidence 
Is  supplied  in  Figure  I,  A  rather  random  selection  •' 
was  made  from  a  eulleelhm  of  'JHli  attacks  (Kill)  by 
Denimii  lighters,  The  analysis  whs  carried  nut  by  the 
assessment  of  combat  gunnery  film,  Uncords  of  these 
attacks  lire  also  available  which  show  the  aim  wander 
and  plot  angle  off  versus  rouge,  When  lilts  ore  dis¬ 
tributed  over  siieli  great  range  Intervals,  It  Is  obvious 
that  some  facsimile  of  a  pursuit  curve  Is  lining  flown, 
There  are  three  parts  to  the  mniiiterevlilenee, 
First,  I  lie  ilapmiese  seemed  to  prefer  the  use  of  fixed 


*  Inicringniliia 
Analysis  Neetloa, 
July  A  leg,  DMA, 


of  Tli,  W,  Mclnnhli,  Director  of  I'lliu 
by  F„  W,  1*«ikm«»i  ip  Cohnrg,  Ucnimay, 


"  ■''ey  el  US  ill  lilts  select  Inn  Is  In  Hie  tllreotloii  of  ehoosliig 
nlluess  Willi  iimny  hits  ns  o|<|io»ei|  to  those  In  which  hursts 
were  ttrmt  thrniiKhaiit  Mie  attack  with  Imliffcreiil  success, 
'"'I  '1v""Ja  the  liitler  ease  Him  pllol  wns  Irving  to  fly  Imoi 
litirsoli,,  I  Ills  represent*  a  deviation  from  the  average  for 
which  the  fire  cmitroi  Is  iIomIkimhI, 


rw  i*e  MAiNir  *'if 
tM»*  himimhmo 


Ht  101  At  AUDIT  g.|j> 


I  HI  At  HtMIIAHttl) 


PH  ItO  AtAINIT  t-lf 
IMONt  NIMIIAHf  N(| 


hill  HU  i,  Ht|l»l»  mill  till*  Mil  Idn  I  hit  1.111*1  H*  „  „r  I'HI^, 


'"•'*11**1  <lnHw'tl»n  (Hii'hiili  cinvii  HMnt*k«i.IM  It  dim*  not 
Mlmv  I  lint  uwn-*|«md  h|wIUn  will  imrfurm  Imdlv 
nKnln.it  Mivli  UiKitl  piitliK.  iiUnhmt  |,|»(lt-*p,M.d 

IhhiiIh'Ik  (,11'Mtt  nt  ii  TAS  of  ,'t()()  ui|>h  m  S It), 
thiw  I*  oxporliurnt al  rvlilomm  that  tlm  load*  lakuti 
li.v  n  Hulitoi1 1'xi'i'iillng  a  frontal  ul  t m  k  w  ill  dltVnr  *" 
tmm  tlmwi  |<n><lloloi|  hy  puiHith  rtirvu  tlmocy,  A  Ida* 
In  porfurnmimr  uf  an  «wn-*|mod  *lKh(  would  imonr, 
Hill'll,  Min  HimIiik  niimlli*  or  VViiili |  Will  II  Kinv  In- 
oinplnuil*  In  (ml Ii  Kum|i(i  mid  t In-  hmlflo  mi 
"ITwt  nun  nttimk*.  (Hoi,  ( ’liapt.-rH,)  Attnlu,  *atnratlon 
'""n  »•"«(■  liy  ihhhmmI  llglitor  fuiniiiUoiw 

(wii  Mimtlun  Ml)  may  niptlm  nmi'li  *np|i«rt  llni, 

Oim  IhihIm  ti»  cormliiilii  tlmt  tlm  oinplm*l*  mi  dm 
fi'tmlvu  (li'flni'tliiu  uf  thu  uwn»*pimd  typo  fur  p<>*jt  ion* 
mti'li  uh  wal*t,  tall,  ami  now  uf  m<id<<rMli'>*|MM>d 

«/MU  ,r«»  ,,Mt  1,1  i'*Plii|t*u|  Ihriiuttlimit  ni«*t  uf 
World  War  1 1, 


Cliwk  nf  ()|iilmiini  IVri'niito 
«g<*M  by  \lrlioniu  Kx|M*riutritt 

At  tlm  ri'itiii'Ht  uf  thu  Army  Air  Korun*  Hoard,  a 
t’luM'H  <hi  Hie  vnllillty  of  tlm  Uioury  uf  ojidirnim  per* 
I’l'HtiiKi'H  iltwrlhi'd  In  Hi-I'tlmm  4,2,il  mid  4,3,4  Im* 
I"’""  **« fHi*il  mit,M  Kxporiiimntnl  data  giving  tlm 
I  mitring,  rmigo,  *|iihhI,  mid  dnlliml  Ion  taknu,  for  mi 
{fdm'kliijf  HkIiIWi  ure  (tvullulilft  from  en  refill  nunem 
aiialyai'H  nrl*ing  from  a**o**nmnl  *tit<ili<*  uf  load  mini. 
|Hi* luge  algid*  (Hue  lliajitur  7,)  Hlmm  tlm  path 
tmlnally  llmrn  liy  tlm  flglilrr  wit*  imnimitoly  kiniwii 
It  wit*  jii)**|ldi<  tu  rotiiimti'  tlm  rurri'i't  dt*fnti*lva  dm 
llri'tlim  aioitoli  Instant,  An  uximrlnmittal  ptwrointHfo, 
wii*  I'lnwi'ii  which  mlnlmltmd  Mm  *nm  uf  tlm 
Miimirf*  of  tlm  error*  In  tlm  platm  of  action,  On  tlm 
oilrnr  hand,  tu  I'alunlntn  an  nptlmnm  pmasritegc, 
fri«|.t,  tlm  correct  (IkIHus*  type,  avtinmn  *p««|,  and 
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nltiMtd^  only,  were  used,  (Him**.  ti,,,  fighter  hm| 
tHiinm  o.mi  A  I*  M3  or  Al*l  MS  in  taking  <lf.Hw.tlm,, 
Tables  I  mid  3  do  not  apply,  since  I  hoy  «w  based 
on  typical  Uernian  and  Japnwwe  20-mm  ammmii- 
Hon.)  Point*  at,  im  Interval  of  ona-hnlf  second  wore 
taken,  A  point  Is  an  <)  point  if  tlie  fighter's  lead 
gave  a  mean  point  of  Impact  on  It*  target  (a  sphere  of 
mdiits  7  yd),  A  point  is  a  H  point  If  it  cornea  an 
U  point  by  3  see  or  Jess,  All  oilier  point  a  are  N 
points,  Thingos  were  up  to  1HKI  yd  only.  The  results 
«lv‘"»  I"  Table  3,  The  agreement  Is  satisfactory. 


altitude  of  1 ,000  ft  by  a  class  ,/,  fighter,  on  a  bomber 
flying  at  3Nfi  mpb,  The  ammunition  used  by  both 
fighter  and  bomber  agrees  with  that  used  in  cal¬ 
culating  Table  I,  By  Interpolation  in  that  table, 
**  “  The  corresponding  deflection  A  **  Rig  sin 
t  agrees  with  the  exact  values  with  an  average  error 
of  uhont  one  mllliradian,  A  systematic  check  of  this 
nature  Is  at  hand,*'"*  hut  Is  academic  compared  with 
that  of  Section  4.3,2,  The  errors  in  the  pinna  of  action, 
when  particular  values  of  kim  arc  used,  are  of  the 
order  of  2  mllllradians, 


Takuo  3,  Theoretical  one!  eximrlmciifid  nwn-spml  |»erreiihiges, 
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I’or  the  second  source,  the  spnrscucss  of  i-orm-t  lead 
points  means  that  the  theory  I*  not  expected  lo  hold 
well,  hi  the  opposite  direction  the  good  agreement  In 
the  third  class  can  be  attributed  to  the  use  of  a  lend 
computing  sight  by  the  attacking  fighter  which  led 
to  excellent  shooting  on  Ids  part, 

4,3, 3  Allitly  tit'rti  Chocks 

It  Is  also  possible  to  validate  the  approximate 
f henry  analytically,  A  large  mimlier  of  perfect  aero¬ 
dynamic  lead  pursuit  curves  has  hew,  computed  4,1  as 
sketched  lit  beetlon  3,4,2,  I'nr  each  of  these  the  cor- 
rcct  lend  to  be  taken  In  the  plnne  of  action  Is  given, 

I  he  only  course  that  can  In.  checked  Imincdlutclv 
without  enlenlatlon  Is  Course  Lu  This  Is  a  lint  tail 
uttaek,  made  at  an  average  speed  of  lift  mph  at  an 


4's't  Earlier  Work 

Knrller  efforts  at  validating  the  theory w'  *,u  are 
mentioned  blldlogruplilcnlly  to  complete  the  picture 
of  expcrl mental  evidence,  This  work  compared  Nil  per 
cent  of  own-speed  doMoctiou  with  correct  deflection 
nnd  suffered  from  many  crudities, 

4,4  I'omhion  miiinc; 

4,4,  t  Necessity  of  Kye-ShiMitlng 

Melhoila 

It  Is  iinfotHiimtcly  trim  that  the  development  of 
weapons  ami  of  adommte  metliods  to  control  tlmse 
weapons  rarely  keep  pace,  Control  Is  usually  tt  poor 
wsHiud,  Kor  example,  hand-held  guns  were  Installed  In 
waist,  nose,  mid  tall  of  heavy  bombers,  but  no  mo¬ 
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h 


t'osmoN  kihiwj 


clmulml  provision  was  made  for  (lie  difficult  problem 
of  determining  thednllectlon  to  tnk<<  with  mivh  guns, 
Under  mih'Ii  elreiinml  miens  an  almost  Intolerable 
burden  Is  on  a  Horvli'o  Twining  Tmuumiul 

which  must  produce  gunners  who  can  estimate  up* 
proxlnmlely  the  repaired  deHeetlon  by  eye,  The 
earliest  methods  of  eye  sfmo/bif/  were  bused  oil  n  per¬ 
ception  of  tracking  rales,  Hindi  nietioids  are  properly 
considered  In  Chapter  5,  Tills  section  deals  with  a 
translation  Into  eye*shootlng  terms  of  the  own-speed 
concept  exploited  In  this  chapter.  The  logic  of  Hee- 
lion  1,1,2  Is  nppllealile  here, 


1. 1.2  Deri vn t  loti  of  Hule  of  Thumb 

Hnpposhig  that  a  hooiher  Is  under  pursuit  curve 
atlaek,  the  mpilred  defensive  delleet  Ion  Is  ml  veil  by 


sin  A 


i'll 


sin  r, 


If  ll  eiin  In*  agreed  that  the  hooiher  will  npcrolc  ap¬ 
proximately  ill  o  Used  nllllnde  n  in  I  a  lived  speed  Co, 
and  if  u  slnndard  type  tighter  l«  expected  lo  ol  lock  at 
an  npproxlinidely  known  speed,  then  hy  means  of 
Table  2  a  value  for  h't  may  he  selected  mnl  slo  A  will 
depend  only  on  I  he  angle  off  r,  During  World  War  II, 
over  Kurope  eoiidllloas  slmnliirdlKed  very  well  ol : 
Hi  «  2*700  rps,  vh  m  22fi  mph,  nllllnde  «  22,1X10  II, 
i'r  m  loph,  fighter  l.vpe  D>,ftV  Hence  from 
Tnhlo  2, 

(S)7  -*'*  m- 

and 


HH )*,  «  Wl  +  (  )  1 1  +  (  ,Jm  )  *  -  M7. 1  (<!,), 

\  1 1 M I  /  \  111,1(1111/ 


A  viilue  of  <1  HA  has  commonly  boon  adopted  for  h 
under  these  eonditlmis  Then 


sin  A  **  0,11)  I  sin  r, 

If  u  null  of  Ilfi  mllllrmllaiis  (enlled  one  II  VD)  Is  used 
we  have  values  shown  In  Table  I,  If  the  gunner  Is 


Tamm#  t  Odlcetltm  over  Kuriipr 
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provided  with  a  rlugslglit  which  Is  aligned  with  the 
bore  avis  mid  has  two  (or  three)  rings  subtending  one 


fit 


and  two  (and  three)  It  A  DM  at  Ids  eye,  then  under 
the  above  conditions,  If  lie  can  estimate  the  angle 
between  the  fore  and  aft  axis  of  Ills  own  aircraft  and 
the  line  mil  lo  the  heiid-iiti  lighter,  lie  knows  from 
Table  -I  how  much  deflect  ion  to  take,  Klnee  the  angle 
off  Is  In  the  plane  of  action,  the  arnimnt  of  deflection 
Is  Independent  of  the  elevation  of  the  plane  af  action, 
Dootrhmlly,IT*' ,IM  lie  looks  at  the  fighter's  position 
relative  In  the  headier  and  decides  whether  the  tar¬ 
get  is  on  the  .'I,  2,  I,  or  1  i  HAD  eone  (Figure  fl),  If 


I  he  angle  off  Is  mil  a  key  angle,  llnee.r  Interpolation  Is 
assumed, *'  and,  In  fact,  as  the  attack  develops  and 
the  target  slides  from  one  eone  lo  another  the  gilimnr 
Is  exjiected  lo  change  Ills  delleelloti  eotd biliously,  la 
the  Hnynl  Air  Force  (ami  early  I'JIglith  and  Ninth 
Air  Forces)  version  of  position  II Hi ig,  the  gunner  held 
a  eolistaat  defleetlon  of  .'t  IIADH  over  the  Rimes  00* 
lo  IMt*  mill  (Ml*  to  1 20",  2  It  A I  )H  over  I  he  Roues  ill)0  to 
00"  and  120*  In  IfiO",  I  HAD  over  the  Rones  10s  to 
UH"  nod  IfiO"  to  170",  mol  tl  II  \DH  over  the  mines  tl" 
to  III"  mid  170"  to  I  HH”,  This  Is  called  the  tone 
system  ,M  ,w  olid  aliledaled  position  lli'lng  as  tie* 
scribed  ahm  e, 

The  aiioiimt  of  delleellon  Is  now  established,  If 
remains  to  eoaslder  the  line  along  which  lids  ileilec- 
t Inn  Is  laid  off,  Hluee  the  gunner's  eye  Is  In  the  plnnn 
of  iielloii,  whleh  Is  assumed  lo  reiualn  seaslhly  fixed 
during  the  gnus  benrlng  phase  of  the  attack,  mid 
since  the  vector  O.HftVn  Is  iissiiuaxl  to  lie  hi  lids  plane, 
parallel  to  v„  mid  reversed,  it  follows  as  lllnsl ruled 
b,v  Figure  0  that  c,ccc/i/  whin  I  hr  Iniyri  is  of  on  itnyk 
nf  A  2  a  A  corf  of  I  hr  hm  m,  the  point  of  aim  Is  always 
mi  a  Hue  eoiilieethlg  I lm  target  lo  the  point  on  Iho 
gunner's  Imclxoii  dead  astern,  When  the  attack  Is  hi 
the  forward  hemisphere  the  target  Is  positioned 
linearly  Imlwnen  tlm  plpper  of  the  sight  nail  a  point 
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on  tlm  horlaon  dead  ahead,  This  applies  to  straight 
itni!  I**vel  flight  iiikI  will  ho  supported  by  tho  apparent 
ilirpotlon  of  motion  of  tho  (ingot  ns  hooii  by  tho 
gnimoi'.  In  oortftlu  piinom  of  avoiding  notion  fNnothiu 
3,3, fl,  Inna  4)  no  apparent  motion  limy  bo  evident 
over  a  time  Intorval  of  perhaps  a  hopooiI,  In  thin 
ItiMtanoo  of  a  Imil  ptntmu,  !,<*,,  Pollutant  load,  t  in* 
pippor  la  hold  between  tho  t ingot  and  tho  extended 
fore-and-aft  axis  of  tho  bomber, 


'*■<••**  VtirliilloiiM  In  Stiiiiilurtl  Rules 

Tho  mIhivo  discussion  wan  predicated  upmi  very 
special  operating  conditions,  It  In  almuduntly  evident 
from  Hootlon  4,2.1  that  chmigON  In  homlior  Npoed, 
In  oporiitlnmil  altltndo,  and  In  lighter  Npoed  and  typo, 

I'oitnh'o  mm . litant  inodlllontion  In  tliooye-Nhonthig 

i'oIon  which  tho  gunner  l«  asked  to  momoolao  and 
apply,  TIiomo  changes  have  boon  tnado  for  various 
alroraft  and  conditions."'1  *  111  IM 

t.n  OMN.sPKKh  NlfillTM 

4.  it,  I  Types 

Tho  inoohanloal  applloatlon  of  tho  prlnolplo  of  com- 
poimatlng  for  tho  speed  of  tho  gun  mount  by  Intro¬ 
ducing  an  anglo  (A'»r„  sin  r)  On  liotwoon  bore  axis  and 
algid  lino  Is  an  old  as  military  alroraft,  Tho  Meat 
version  a  wiiul  war  on  tho  front  ond  of  a  gnu 
I"  apparontly  a  Mrillsh  design  of  |0|n  which  was  Ini" 
moillaloly  exploited  by  tin1  <  iormans,#H'  Huoli  a  algid 
iimi'n  tho  uir  siii'ii m  to  maintain  a  vootor  Ajv,,  parallol 
to  tho  tllgld  voloolty  v„,  Mndorn  own-speed  sights 
oldaln  tho  anglo  olT  r  by  InkoolTa  from  gears  llxoil  In 
tho  alroraft,  Tim  roitnlroil  load  anglo  la  tbon  nlitainod 
olthor  by  a  moolamlonl  const  ruolhm  nf  tho  vootor 
trlanglo  11,1  u,,  «  v„  -f*  or  by  a  goar  and  ram 
oaloiilntlon  of  dollootlon  formulas  for  load  In  nulnmth 
mnl  elevation, "H  TIiomo  typos  will  bo  oallod  tin*  carter 
right  and  the  itlgriimic  right  roMpnotlvoly,  A  fourth 


typo,  m  iinmr  mmethm  right)  baa  boon  designed  for 
tho  tail  stinger  of  a  H- 1 7,,*T  Catalogues  nf  tho  isnmor* 
ohm  versions  nf  well  typo  arc*  available, ,4<  ,M’ #l’  »•* 
Thin  section  will  discuss  tho  Hporry  K*l>1  and  K-ll 
sights  whloli  aro,  roMpootlvoly,  examples  nf  tho  vootor 
and  algolirnlo  typos. M 

t  o  Thu  K-13  Vm  tor  SI«ht 

Tho  liipntN  tn  tho  K-13  vootor  night  urn  ktUn  ■*  eft 
(whloli  Im  not  In  im  a  dial  by  tin*  gnnnor),  and  tho 
anion  ith  and  elevation  of  tho  boro  axis  of  tho  gun 
with  roapoot  In  tho  alrornft  (whloli  aro  Niippllod 
automatically  tn  tin*  mcdnioism  by  lloxllilo  rabies 
from  tho  tiirrot  gears),  Tho  output  system  onindMtM 
of  a  collimated  rotlolo  Imago  (Infinity  focus)  appear¬ 
ing  mi  a  ooinhlnlng  glass  whloli  rotates  alaiiit  a 
imrlMi  Mil  ill  mxIm  porpondloiilar  In  t  ho  linro  axis  to  pro- 
dnoo  tho  vortloal  ouiiipniioiit  of  dofloothm,  Preceding 
tho  comhlnhig  gliiMM  In  a  mirror  whloli  rotates  hIioiiI 
mi  iixIm  parallol  in  tho  boro  axis  to  praihioo  tin*  littoral 
rmntioiioii t  of  dofloothm  iim  a  displacement  of  tho 
rotlolo  Imago  on  tho  oonililning  gliiMM.  TIiIm  optical 
uidpid  system  Im  mooii  hi  Klguro  7,  Tim  algid  Is  do* 
Mlgnod  for  oil  III  M*r  1 1,  At)  AP  M2  amnimdtlon  with  a 
ndiNNh*  voloolty  of  2, 7IK)fpM.  Thoaotnal  inoolianlmn  of 
tho  K-13  Im  iiIhii  allow  n  In  Figure  7,  Tho  point*  H  and 
O  an*  fixed  mid  tho  longtli  HO  may  ho  taken  to  la* 
proportional  to  p(„  Tho  longtli  ()('  varies  nooordliig 
to  till*  Input  kvu,  Tho  Inputs  Ai,((IA)  and  Ku((lK) 
lotato  tin*  point  C  mo  that  OC  roinaiiiM  parallol  to  the* 
aircraft 'a  fnro-aiid-nft  iixIm,  Tho  inoohaiilonlly  ooti* 
Mtrnolod  anglcN  \i(TU»  and  A\(TVI»  arc  trana- 
hdod  Into  tho  rorroot  rotatloiia  of  the  mirror  and 
ooinhlnlng  glnaa  of  the  optical  output  system  How- 
ovor,  when  a  mirror  rotatoM  through  an  angli*,  n 
rotloolod  ray  oliaugoM  Ita  ilirootloa  by  twice  that 
anglo,  TIiIm  muat  lie  aoooptod  mid  oorrootod  by  rn- 
dnolng  OH  and  Inaortliig  aultabh*  linkages,  A  slight 
error  iiiImom  whloli  Imn  nothing  to  do  with  theory  or 
ilia  iilpnlat  Ion, 

’I'h"  algid  won  dcMlgttcd  to  iimo  A*»  «  tl.HAfl,  This  In* 

1 1  lent  on  that  theory  lugged  behind  design.  No  harm 
In  done  mIiioo  It  Im  possible  to  obtain  the  appropriate 
"A  fmm  l''lgnn»  3  and  use  tills  on  tin*  7Vl S  dial  act 
fur  strafing  ( I  (If)  per  cent  itwu  speed),  Hlmllnrly,  If  It 
Is  necessary  tn  use  amtiiiiiiitlon  with  a  iiiiimmIo  ve» 
Inolly  different  from  2,700  fps,  one  has  only  In  use 
(2,7tHI  eft)/*,,  us  Input,,  Tin*  ratio  nf  fir  to  Oli  thou 
yields  pfi/i I,,  as  It  shuiihl, 

The  K-13  Inis  itn  range  Input,  lleuoo  any  su|n*r- 
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elevation  iillmvuuee  for  gravity  drop  emi  depend  only 
on  direct  lun  of  fire,  Tim  iledgii  superelevation  lined 
In  II  i 'on  Hu  n i i I IIiixIIiuih,  with  a  nllght  dependence  on 
nalitiutli.  (The  dependence  In  it  minimum  on  ilm  now, 
nIiiw  future  rwigi'H  w  ill  lm  n  rnlulimini,  ami  a  nmxi- 
nium  on  tlm  lull,  with  a  nprend  of  2  milllrmllaim  for 
Ho  -  0.)  Tnklng,  roughly,  gravity  drop  to  lm  M*  yd, 
mid  a  liman  velocity  i>  -  2,(MKI  fpa,  It  fnlhuvN  that  tlm 
allowance  of  (I  mllilrudiiuiM  eorrenpoiidN  to  a  range  of 

approximately  HtKJ  yd.  If  It  In  derided  tlud  (IiIn  In . 

great,  It  inny  lm  rrdnrrd  liy  Netting  tlm  elevation  dial 
appropriately  during  alignment  of  gun  and  Night, 

I  he  nature  of  the  |\-|Jt  In  miicIi  that  there  In  no 
reNtrletlon  on  the  n  Kilim  I  Iim  It  will  neecpi  mid  there  iN 
but  minor  reNtrletlon  oil  elevitihuiN  (-f  Hhe  to  -Hft*), 
It  In  Niillnhle  for  iino  lit  iiny  gun  poNliloii, 

innut  oi«i  •  niiaai  Mue  intuti 


I1  till  ill,  N  K-ll  iilg(,|||'i|||,  Nlglil  NI  Ill'll  mill'  ((Jiiiii  lc»v 
hi  M|N<rr.v  (lvrn«i'ii|«'  I'maimm  ) 


f.s.ii  'HinK-i!  Aigcitrulc  Night  *' 

"I  I le  InplltN  to  (he  K-|  |  iilgehniie  night  differ  from 
tin  we  for  the  K-IHIn  that  /d.Sninl  altitude  are  lo  be 
IliNei'led  limlend  of  The  opt  hill  output  nysiem  In 
I  lie  ainilc. 

If  In  iiii  way  exerclne  In  Npherienl  trigonometry  to 
almw  llmt,  with  good  approximation, 


I  4  A  con  A  u  i'iin  Hu ' 

A  con  A  a  "in  Hu 
I  -  A  con  An  eim  Hu  ' 


where 


A  ■» 


kiVu 

Mil 


liiNtead  of  phyNieidly  rmiwlruetiug  anglnN  A/,  and  Ar 
UN  doeN  Hie  K-I.'l,  the  K-ll  meelianleiilly  works 
through  tlmne  formuhiN  im  hnlieated  In  Figure  8, 

In  Mieli  I'lreultN  flj  dlffereiillnlN  add  nigebralenlly 
t  wo  input  lotatimiN,  (2)  (iiic-dluiennlomil  eriniN  give  a 
function  of  a  Nlngle  viirlalile,  f.’l)  tsviodlmetiNloiial 
enniN  give  a  fiiiielliiii  of  two  vnriulili'N,  and  (4)  a  rack 
and  pinion  iriiimhilfN  a  roiiitloii  Into  a  dUplin'ement 
It  IoIIown  that  mull Iplieiitlon  muni  lie  effected  by 
logiirithniN,  lienee,  In  piirllenhir,  a  log  eoNhie  earn  In 
reNirleted  In  nIm>  Nluee  log  eon  (Ml*  In  negatively  In* 
llliile,  <  'oii«ei|iienl|y,  iilgebnde  Nights  call  only  lie  lined 
In  none  mid  lull  poslilmiK  or,  more  generally,  In  Nome 
reNirleted  region,  the  K-l  I  being  realricled  lo  o  eolie 
of  uidliiN  lit)0  aiiool  ilm  none, 

The  original  di'nigli  of  the  K'-ll  culled  for  IlipiltN 
ol  altitude  mid  IAS,  It  eoiaputeH  '/VliS,  The  deHlgn 
/i'ii  in  given  In  die  fill  lowing  Till  do  A, 


Ton  i'S  A,  I  >i'»lga  k,  ef  K-l  |  iilKelmili'  Nlglil 


Villi iiile  (feel ) 

MAM  M2) 

ft*  (  AM)  Ml) 

II 

II,  MIA 

II. H, 111 

II, (KM 

II.HHA 

II.NNH 

i'J.ikki 

II,, HAD 

u, inn 

in.ikki 

(I.H?f| 

u  ii'Jtm 

1M.IHKI 

II.N7II 

n.nni 

illl.INKt 

UN77 

II  lltlVI 

IIU.IHKI 

limit 

II.IIIN 

It  In  again  evident  dial  dcNlgn  preceded  theory, 
It'll  In  dcNlred  to  iim*  the  optimum  <f,  from  Figure  It 
one  proeeedN  iin  IoIIown,  I, el  n  lie  relative  air  deimlty 
(NAt'A)  Then  the  e,  S)  lined  by  the  K-ll  In  Mi  • 
t7 'IN]  ■  n  l,  where  M  In  that  of  Tnble  t  Hut  one 
wauls  to  net  mi  the  IAS  dlul  eft  lienee  A'af  /.l ,s* )  • 
n  1  *»  \IAS]  nail  It  fnlhiWN  that  (lie  altitude  dial 
may  be  Net  mid  left  al  the  altitude  I'oi'i'enpondlllg  to 
the  NoliltloM  a  til'  the  ei|iililhiu  a1  *  M(< r),  For  Al*  M2 
aminiuiitloii,  thU  altitude  In  III, (At)  ft  mid  for  \  1*1 

MM  aim . ill jon  it  In  7, MM)  |’|,  (In  die  iietual  Nlglil 

IAS  In  ni' I  oppimlte  altitude,  lienee  if,  In  net  npponlte 
tlmne  vidui'N  of  iiltltmle.)  A  Neeoml  method  In  to  put 
the  Nlglil  id  "ntral'e,"  which  In  UK)  per  cent,  own 
Npeed,  and  net  if,  opponlle  *ero  nitltiide,  With  the 
night  in  liiniil  If  In  ea«lly  neeu  that  the  two  nelieinen 
iiit  Identical. 
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4, a, 4  Thp  CiiiMM  I)  Km»r*  of  Ohii* 

High  l 

Tim  ormru  in  jgim  pointing  oiminilltod  by  it  guu- 
night  urn  due  to  ( I )  errurn  lit  tin1  lointts,  (2)  iiinohiiiil- 
(<n)  oitoI'n,  mil'll  iim  I  nick  IiikIi,  oiltlimd  bv  I  hi1  twiiiMt  rin*- 
1 1* tit i  Cl )  otToi'H  nt  I  HI m tod  to  euglnnerlngeoiiiproiiilNON 
So  tin*  di'Nlgn,  (I)  orrurn  In  tli«s  giumor'i*  tun  n  I  pii  hi  I  Inn, 
mill  (ft)  omn'M  oiiiimimI  by  ii  ilonlgii  lot  mi  I  on  limoonmto 
fornmlm*. 

Input  orror*  iii'Imo  by  lining  nil  InoiiiToot  I or  r„ 
(uvor  tho  life  m'  n  Imrrel,  On  limy  drop  200  l‘|in),  Any 
poreentiign  i*i'i1ni'  In  i'ft  or  on  iippi'iifn  iim  (bo  wiiiio  per* 
reutiigo  error  In  loin!  iim  different  liithm  nt'  A  «  (i1,* 
nln  r)  I'n  hIiiiwm,  liipiit  omirn  In  ,l»,  mnl  Hu  limy  nl*n 
itoonr  booinino  tin1  gun  tvnn  Inenrroetly  boioMlghtod, 
booiniMo  ilio  iiiioi'iit't  Iiiim  mi  migle  of  iilbiok,1"1"  or 
booinmo  llio  iiiroml't  In  moving  forward  onilitvino, 
Him  ■o  ,1  u  mnl  Hi,  ni’o  plokod  iitT  rolnt h  o  to  l  ho  iilreiaft 
mill  not  I'olnllvo  in  tbo  lino  volmdly  vootnr,  t bo  guim 
limy  not  llo  In  tbo  i,hitoi,I  pbino  of  iii'tlnn. 

Miioi'm  of  typon  (2)  mnl  til)  arrniudy»nd  b,v  laborii- 
tory  lionolt  IomIm,"  Tbo  rrniilln  ni'o  not  doni'rlboil  lioro, 
Type  (t)  oi'ciii'm  mo  doiih  ivilli  In  n  III  ii  nno  expert 
inoiitnl  pi'iigi'iiiiin,  (Hoe  Chapter  7  !  Thin  nootlnli  eon* 
nldoi'n  only  iTl'oi'n  of  I  bo  tlioorolii'iil  ilonlgn  of  typo  (ft), 

'I'llOno  (lioolotloiil  fllllltn  Ill'll  I'ldloil  ( 'hunt  Ii  rniirn, 
HnppiiMO  i Imt  ii  nlglil  In  (loifootly  emiNt  rinded  iiororil- 
Ing  In  llio  blnopi'inlM,  Hint  ll  In  o  pern  tod  perfectly, 
mnl  Unit  thorn  In  nnillMprndiiii  Tho  IiIiim  In  gun  point¬ 
ing  Hm t  ni  III  o\|n|h  in  oniinod  by  llio  NyHleinnt lo  fnilnro 
of  I  lie  night  III  ('oniplltilllon  WIioii  t  hootvn-Mpi’OilMlglil 
In  iimoiI  iignliiMl  ii  pni'Miilt  oiii'vo,  llio  olioli'o  of  A'#  — 

DMA  or  ovon  Ay . .  tom  I  In  CIiinm  M  oitiii'm  In  tho 

pin  n<’  of  not  Ion,  mIiioo  tho  fni'tor  i'Imimoii  Iiiim  only  mi 
Iivnriigo  vnliio,  Thorn  Im  iiImo  ii  ii  oiror  niiriniil  lo  tho 
pin  no  of  notion  booiniMo  tho  put  Ii  of  llio  tlghtor  niign 
bolow  tho  plniio  of  iiolloii  of  tiio  hiMtiint  of  tiro  mnl 
booiniMo  tho  grnvlly  drop  nlloumioo  In  not  n  fiini'lliin 

Ilf  I'tlligO, 

It  U  iIomIiiiIiIo  to  o\proMM  (Iiomo  orrorM  iim  ii  I'nmdhin 
of  riingo  mnl  unglo  off  11111  riithnr  limn  mm  ii  fiiin'tlnn 
of  tlino  idling  piirtli'iilnr  ooiiimom,  (  IomoiI  ilotlnotlun 
I'nriiiiilim  miioIi  iim  io  pint  Inti  (ill)  In  t 'Imptor  2  iiinkn 
UiIm  pi mdl i|c,  Am  mi  oMimpIo  of  till*  point  f'liin't b in 
loolnihtno,  ooiiMldor  tho  fninlly  of  nil  mriidyminilo 
loin  I  |  ill  I'm  1 1 1 1 ,  onrvi'M,  with  Mpooillod  i'n,  i>,  mnl  nltl- 
tndo,  which  llo  In  n  liorlmintnl  |ilniio  of  noltnn  Tho 
correct  lorn  I  for  iniy  r  mnl  r  limy  bo  miinpiitoil  by 

Much  tcislM  wen1  nmdn  nt.  Nnrlhwiwlorn  t  ntvoHly  under 
I'niilrHBt  UbM»r  127(1  m<  I'll ijeet  Nu,  H 


oijimtlon  CO)  In  Chapter  2  with  tho  apprindimtUi 
thoni'v  of  Hoot  Inn  1  J.d,  Then,  for  mi  owii»n}«uhI  Might 
Mid  ut  Ay  •*■  It, HA  mnl  nt,  A)  «*  0.77, 1  ho  ( Jlww  H  orror 
In  tho  photo  of  ucllmi  '<»  mill  bo  proMonlod  nolhihirly 
in*  In  li'lgnro  t), 

tSMOP*  IN  FUHE  OF  MOTION  IN  MIUIMOI *N* 

♦  vAtei  mean*  ovmiuo 


v,  •  IIS  MFk  vf«H8MFH  M.»80Q  FT 


Mllltll 

My  NiiporpoMltlmi  of  nny  mint  I vo  piirwnlt  curve  on 
Klgiiro  !>,  Uio  wn>  In  wblob  tho  orror  viicIom  iilong  Hint 
onrvo  limy  bo  Inforrod,  ( 'hnrnidorlMtloidly,  tbo  nlglil, 
nvoi  IoihIm  in  1 1  billy ,  IoikIm  proporly  ut  inldriiiigoM,  mnl 
tlion  niiilorloiidi*  When  n  different  porooiilngo  Im  iimoiI, 
tho  riingo  ut  which  llio  loud  Im  coitooI  rhinigoM,  hut 
tho  Initlol  puttorn  mIIII  whII<m  ulowly  through  llio  tut1* 
got,  Thin  Im  obvlomdy  preforiible  to  n  llsod  IiIiim  In 
pointing  mIiioo  llio  dlNpoixInu  pnllorli  I'uplilly  I icon, no* 
(lihito  iim  tho  inrgot  iiiiiv'om  from  tho  At  1*1 .  h'lgnm  (• 
mIiowm  Unit  tho  rmigout  which  tho  puttorn  In oouloroil 
Im  tuctlciilly  liottor  for  /<»  <„.<  *•  l>77  limn  for  ki  «• 
tf.Hft,  (h'or  UiIm  o  \  ii  ii  i  pi  i  1  tho  loml  roipilrod  by  Miig, 
in  omii  I  lo  mnl  downwind  from  llio  plum  uf  notion, 
vurloM  I'rmii  I  to  ft  nillhriuhiiiiM.  ll  Im  ikinnIIiIo  to 
coniblno  I Iiomo  viiIiiom  with  tho  roipilrod  iiIIowiiiicom 
duo  to  gravity  mnl  whnlngo  Jump  mill  iimmomm  t  'Iiwm  M 
pcrturimitinn  nurnml  to  tho  plane  of  notion  TIiIn  will 
not  bo  ■  h mo  hero,) 

t.n  HIITOHT  I'iltK 

bh.t  Siipporl  Kiri*  Hit iiutluiiK 

A  proMiinmblo  liuplioiitlmt  of  n  lightly  iiuimhiuI 
bouibor  fornmlioii  Im  that,  oiiimn  or  Miippnrt  flru  in 
ipilto  poMMlbln.  Tin1  guim  uf  min  Immlier  cun  bo 
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hronghf,  to  Iii'ii i’  nil  it  fl^clit t«t*  attacking  another 
IhhiiIxt  of  the  «niu|*.  Massed  Ilrepiiwor 1  has,  |n  |'u,e( 
lifon  viewed  with  dejection  hy  opposing  ttir  forces, ,N 
If  llio  specialis'd  own-speed  sight  |k  in  1 1,1  i|Mc«l  In 
support,  lilt*  till'  |)!|i|)rr  t-rns  til,  longer  be  Ik)|i|  on  ||„, 
litiW'l  and  the  sight  must  Ii,<  used  in  cmnhlmilinu 
will)  wn tot'  i>yi>-m||i M,| |ng  |)u,.|ng  ||„,  ,.|oH|ng 

oioitf Iih  of  WiiWi I  War  II,  oyer  Kurnpc  there  was  a 
iinnl  for  Mich  ii|i|tll,'Ullnn.  Tlio  I  li'i'inaii  Air  l'nm> 
niiiwil  fighters  astern  of  a  I  mini, cr  lWina||,,n  nnil 
I'oilt'  il|»  llic  falltt  of  all  hmnhcrs  tdiiinsl  simul¬ 
taneously,  TIiIh  was  Hie  < 'oiii|>niiy  I'Vnnt  attack. "*  lfl' 

I  lie  nature  nl  the  lactic  masked  nut  1 1 (t| icr  nml  hover 
iorretK,  leaving  tall  nml  \miIni  position*  In  cm  inter 
till*  wit  unit Imi  nltnck  i  Mher  support  lire  sllmdimi* 
arlw  when  a  neighboring  Imnilier  I*  nnilcr  pursuit 
attack  nr  nnilcr  illrcel  Iriuilnl  attack,  Assuming  that 

""I*!  nn,l  tall  positions  nr . |i|l|i|ieil  with  oun-*| . . 

nIkIiI*  (ami  am  even  a  iimjnrlly  were)  that  sight 
I’Hial  I"’  **H< ‘‘I  lor  a  jnh  that  eompiclfly  violates  It* 
ttfflKU.  I'liere  Wild  nil  nlfcrinitlvc  since  (Ire  eniitrnl 
enimhle  ul'  meeting  general  attack  paths  wu*  not 
itVtillahle  Inr  laaitiirrcleil  I’lil | ihicei iicii I h. 


target  s  hiss'lage  (not  In  the  direction  nf  (he  target’s 
OfifHiipht  Hint  Imi),  IligciihniH  lot'll  mil*  nf  osfltniiflng 
o  have  heei i  given,  which  mite  the  relative  position 
at  an  ein|ieiinago  as  seen  super) inseij  nil  wings, «  The 
ability  nf  a  gunner  to  recognise  support  lire  situ- 
ill  Ions  IM  and  In  eslimate  approach  angles  IM  have 
heen  "I mill'll  |,y  coal  ndleil  experhiienls  with  groups 
of  giiiuiers. 

Much  of  Ihe  literature  mi  support  fire*’'  **»  >*»  Is 
ciaicerneil  with  varlatlniis  la  rules  such  as  tlmse 
((Hot  iil  iilinve  and  w  it  h  pro  nml  eon  arguments  iiiimit, 
shilling  the  own-speed  sight,  when  used  In  siippnrl, 
h'oin  b«i.i  lob  “  I,  The  subject  is  prohnhly  a  (lend 
end  ns  hir  ns  future  developments  nrc  concerned,  It 
will  uni  he  pursued  further  here 

'•  NlMMUIV 


*'"■«  ^  of  Own-S|M'«'»l  Sights 

Suppose  fur  Ihe  uimiieiit  Hint  Ihe  speed  Input  la 
the  own-speed  sight  Is  full  7M.S'  nf  Hie  gun  nmiiiil, 
l.e,,/.,,  «  I,  I'lieii  Ihe  hnllel  will  gn  ailing  the  guilder's 
line  of  sight  in  the  air  mass  with  mi  lull  Ini  velocity  ,,f 
Ul,,  Hence  the  gunner  must  displace  Ids  point  ol  aim 

to  allow  lor  Ihe  crossing  . . .  c,  sin  n  of  (lie  target, 

The  delleetloii  lie  must  lake,  liy  eye,  is  (r,  shin)  a 
radians,  I'.vcu  this  does  not  lake  Into  acemiul  the 
correction  rei|nlreil  to  the  enrvaliire  of  the  target's 
pul  h.""' However,  It  has  I iceu  suggested  Hint  fur  many 
ilii|iorliilit  siippnrl  tile  silnallniis  Hie  target  will  he 
on  a  near  level  with  the  suppurlllig  humher  ami  will 
liy  seiisll ily  ill  a  straight  line,"  *"  Knr  (Ids  case,  If  the 
laigel  speed  and  the  average  bullet  speed  uiav  he 
lived  nppmvlliinlely,  the  gunner's  problem  Is  reduced 
In  Ihe  estimation  ol  Ihe  npprnuch  angle  u  ’|  he 
aiuomil  ul  Ills  ilellerlloii  Is  then  given  by  siiiue  siieli 
iiiemorlxed  seipienee  ns  '*r 

a  f degrees);  II  III  an  ;jp  |/> 

Head  (IIAlPO;  It  |  a  :t  | 

I  Ids  di'lleei inn  Is  laid  off  along  mi  cMciislun  uf  (lie 

'Hal  II  Is  ifiitlo  cssctii  |,,|  1  Inn  ii  illsilui'ltini  lie  mmlc  liciwecii 
i,  ti  nt  at  tic  mi mlirr  of  gnus  llml  cun  l,e  lirimgtil  to  hc„r  mi 
car  ,  imiIiiI  of  „  *plicr<'  siirinamiliiK  l lie  hmuticr  unit,  „„il  „ 

"V  •lelleellnii  wllti  wlilcli  -tipisutlim  guns 

will  (lull,).  i,t  ) ii islil, i, is  i, a  Hint  siiliccc, 


Heellon  I  I  lulroduees  own  speed  slglils  ns  devices 
designed  loemuiler  Hie  speelnl  cioenf  a  |iiirsuil  curve 
iillaek  mi  a  defending  hnniher,  ll  discusses  I  lie  argil* 
oioii l w  lor  and  against  such  ('(piipuieiil 
Nectinii  I. a  shows  Hull  ill  slimiHiig  ugnhisl  a  pure 
I  ""'""I '  «,||1’V«'  a  large  fraelimi  of  lull  uw  li-speed  nllow- 

ls  "ll . Hie  large i  (mill  curves  fnrwnrd 

lail  slighlly  during  ihe  lailiet's  time  of  lllghl  This 
seellmi  eoiilhnies  will,  „  dlseiisshili  uf  Ihe  faelurs 
nlleeliiig  delleetluli  In  lie  taken  against  an  aero* 
dynamic  lend  pursuit  rurvc(glvrso|tlliiimn  rules  sum- 
ma lining  delnileil  ciileiiliillnus,  and  reduces  Hie  prtili* 
l"ai  lo  simple  churls  which  emilil  he  used  In  Hie  air, 
I'Wllmi  l,H  discusses  Hie  vuhdnfluii  uf  Hie  llieory 
"I  the  previous  seelimi  In  three  dircelliiu*  (I)  the 
deiaoiisiralloii  dial  nines  ii|i|ii'ovhualliig  pursuit 
carves  were  Down  extensively  In  eiiiiilial,  fit  ihe 
agreement  helween  the  predlelions  uf  t lieury  nml  Ihe 
ilellm'lliihN  demanded  by  paths  aelimlly  llnwii  by 
llghiers  during  gmislghl  assessiueiil  program*,  and 
(Ml  ,l"'  agreenini!  helween  Ihe  predlelions  of  the 
m,d'’  Hiemy  and  the  exuel  aiudylle  theory  of 
Heel  Imi  It  I  k*, 

1  1  <*< '"skiers  posillou  llrlllg,  with  the  aid 
ol  which  the  gunner  Is  to  eslliiiale  Ids  delleeHiai  by 
"ye,  I  e,,  lie  Is  Ills  nWII  I'laupeUsiltlug  sight 

Heellmi  -I, A  discusses  hrletly  the  iiieehimleal  fea- 
tiires  ul  the  vector  nml  algebraic  types  uf  iwvii-spned 
sight,  and  pari lally  reviews  Class  II  emirs, 

Moot  ion  i  ll  Is  enucerued  with  support  lire  with  an 
nw a  spec, I  sight  In  which  eye-slioullng  rules  are 
combined  wltii  the  aiilniualic  eoiupeusHlioii  fur  own 
speed, 
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n,i  ISTHOIWCTION 

.1,1,1  FlrMl-Oril«*i*  IVutim*  of  SlghtM 

1/u.i  I'nvi  liui,  nIiihiIi)  Itc  llexlhle  eiunigh  In  Niipplv 
ui’eiiisiti'ly,  iptlekly,  mnl  1‘imllinitnmly  the  nlm 
lug  nlln'.vtinre  i***« hy  u  tnrgel  trnvei'Kliig  mi  nr* 
f »lt fury  | mi t h  relative  In  tin*  gnu  itminil,  Kiillke  tin1 
I  nlghlK  nl'  the  f  m'mimm  liii}{  i*l  i«i|it  or,  I  In1 
nmehniilxniK  cuiiKhlereil  |m|ew  tin  mil  mmhiiiiii*  t lm t 
tin1  hirgel  V  ii|i|ii'<  Mirli  miglc  Ik  Ih'Iiii  vlnuc  In  I  lit*  highly 
k|h*i'ImI  way  ii'ipilis'il  hy  mi  imrnilyimiiili'  li'inl  pni'Kiilt 
I’lirvi'.  I  n  I  IiIk  ki'iiw,  li'inl  <  i n i i | mi H i ir  kIkIiIk  eun  liumlle 
mliilmiy  iiii'Hi'l  | in i Iik  Tlii',\  ini',  hnwever,  lulloxihle 
III  m cm il  licr mil  I  i iii pni  I  mil  Ki'iin'  I  hi  wieldly,  i  ImviiKnium' 
I  IiiiI  llii'  tiirgnt'x  trunk  rcliillvi'  In  dm  gun  mniint  Ik  h 
Hlrnlglil  line  (h«*i«h(I  ily  Ktruiglit  nver  tin1  I  line  nl'  lliglit 
nl'  lltc  Inilli'l  I,  I  >|  it1  iii  1 1  iim  Ik  I'niiiiilnil  nn  llii'  l henry  nl' 
Mi't'llniiH  22,-1  mill  2  2. A  |)i>k|i|Ii‘  llm  cn  I II  i  in  I  Ini  i 
i'niii'c|il  (Mertluli  ft.H.ft),  which  |tr«*Miiiiinl ily  (htmiIIm 
llii'  night  In  i|i>nl  wills  ii  i'Iiikh  nl'  rinvi'il  | mt Iim,  IIii'ki1 
Jh'nl-m'tlrr  iiimi'Iki uIhiiim  iln  uni  kiiIvc  llir  gcimi'iil  Hit* 

mil! ml  pruhlnm  ndi'itiiiili’ly,  hIim*««  . . mimy  iigullml 

nun  i'Iiikk  nl’  lingct  imlliH  Ik  gained  nl  I  Iii*  esprlinc  nf 
InuiTi'il  pcrfnrnmms>  okiiIiimI  mi iiiii*  udmr  i'Isikk,  Me* 

Kkll'K  I  Il'MI't  II  dllU  lllllKI'  ll'llll  l'lllll|ll|llllU  k||(|||k  i  |  Ml  >«  |  ||| 

inlinlilli'il  I iiiti'Ik  dining  Wmlil  Win1  II,  Il  Ik  n  re- 
K|iniiKlli|||ly  nf  UiIk  t'liiif >1  i*i'  In  imiIii i y^i*  i||mii  mid 
Justify  tin'  hIiiIi'Ihi'iiIk  iiiihIk  iilinvi'  Mmurwluit  inuin 
geimmlly,  llm  nhuplnr  Ik  In  mliilc  li'inl  emiipiitlng 
IiH'i'IiiiIIIkiiik  In  die  jinlnlK  nf  Iln  lnltliil  Ki'iili'iicn  nf 
IIiIk  ill) I'imIiii'I Inn, 

ft. f  .a  Hull*  Drill'd  Inn  Foritiitlti* 
Mrrliiuil/ril 

Thn  iiiiikI  Iiii|  ii  nl  mil  ili'flni'llnn  fui'iniiiitK  nf  ( 'Impler 
'2  were  iIiiiki'  I iiihimI  mi  t hi*  n iiuiilii r  mh<  iif  llm  gun* 
IIUKI'I  line,  Thn  ri'linnii  Ik  flint  the  III!  rmliti'llmi  nf 
ungnlm'  I'Hfc  ili'li'd'M  llm  Iiiiwi’n  uppismuh  unglu 
which  Ik  nut  umiirtlilcil,  In  hIiii|iImhI  I'nnn  llm  Ininl  is  mm 


llm  illiTi'i'i'imi'  hi'lni'i'ii  n  kliii'intilli'  ili'ftnct Inn  mnl  iv 
IihIIIkIIi'  i Iclli'd |i mi .  Tin*  Inlli'i'  ili'tlni'i Iiiii  i|i<|mtiili<tl 
iiiukI ly  mi  khii  |iiikIiIiiii  mnl  range  wn  find  mm  wimltl 
expect  It  in  lm  ini'i'lmiiim'il,  cunneplnitlly  nl  li'iwf, 
In  n  fimlilnii  Indi'i iciK lent  nf  dm  klimmul lr  i Icftcct lull , 
( 'niiMi'i|in>iitly,  we  iiiiikI  i'iiiikIiIi'i'  hh  ii  IiiihIi'  niiinpitlltlg 
ili'vlci'  n  iinmliiim  (1)  ivlili'li  w  ill  i'iiiivi'i'1  I'liniet*  (mnl 
nil  II  mil*  mnl  |m>i'Iiii|ik  nilmr  vki'IhIiIi'k)  nhtnlimil  wdnll- 
mimliii'iilly  m*  liy  rinlni'  Inin  h  llnie-Mf-Hlghl  multi* 
liltin'  (2)  wlili'li  will  nlitulii  llm  iii'i'Kiml  nugillnr 
ml''  w  nf  llm  giiii-tnigel  linn  I >>  n  gyru*enpe,  viuliihln 
k|  mnl  I  drive,  nr  ii  lin'lmiiii'li'i’,  mnl  (H)  which  will 
I'ninlilim  llm«i'  In  yh'hl  llm  khminnllc  ili'lli'i'llull 
Tim  eni'Viitlll'e  I'niTi'i’dnli  fiiclni'  l\  nf  i<i|iinl lull 
1 12)  nf  ( *lui |»l it  2  depend*  mil  mily  nn  Cut nrc  range, 
iik  dni'H  Init  n  I  mi  i  mi  dm  iliri'i'tlnii  mnl  innuiint  nf 
•'iirviit ini',  rim  imii'hlin'M  in himIi li'it'i I  In  thin  i'lni|itiw 
cun  Inki*  i'iii‘vntiii'1'  into  nccmiiil  nlily  hy  iiHKitinlng 
Killin'  purth'iiliir  nvrruiti'  helmvlnr  nn  llm  purl  nf  llm 
I  m  gr  I ,  I  ii  purl  lei  i  In  r,  Inl'iirniMlhili  till  I'lilr  nf  chin  lice  nf 
mum'  Ik  iii’llhi'C  given  In  nnc  imct'iilrtl  hy  Hickh  tin* 
vici'K  Tim  mtltmh'  In  inln|ili'<i  t lint  It  mnl  /„„  mill  even 
li'nll,  ini'  nl  mil'  1 1 Ik| is »h»i I  mnl  ins'  In  lie  cIiiim'Ii  In  give 
i  *1  it  I  nn  i  in  prrfnrinmme  nver  n  K|mcliil  cIiikk  nf  hirgel 
I ni < Iim.  I  Inwcvcr,  UiIk  prueetliire  Ik  tint  immiy  iih  it* 
k|i  li'llve  ImiS' iik  WHK  IlK  ei|iiividi'iit  III  llm  ciiNe  nf  llm 
nwii  K|icei|  niglil.  (Hnppum-  fur  exiini|tle  find  llm  eni'* 
vii  I  lire  em  rei'llmi  iippmprhite  ton  |mre  |  iiii  miiII.  riii'vo 
h  iii h i| it i >i  1  Then,  even  If  the  Imgi'l  Ik  nut  Hying  it 

imi'fect  gun*  I . Hum:  ulliiek,  wn  wmtlil  kIIII  expert  In 

I'livr  H  guild  n|i|iriisliiiiitlnn  In  Hk  ii  el  iim  I  ciil'Viidll'n, 
The  Killin'  reimirku  n|i|ily  In  nnp|mtf  lire  The  lupin  U 
linrHtlgntrd  in  nuns'  ileliiil  Imlmv.) 

lit  uhtiilniiiK  llm  angular  rule  w  II  Ik  Iin|iiirfiiiil  to 
illndngulnh  helween  dm  net ttitl  iiiigitlm-  mil'  nf  llie 
gini-hirgri  linn  In  die  nit'  iiiiikk  mnl  die  trucking  mfn 
iik  ih'leniilimil  nl  (In*  gnu  puKldnn,  h'm*  example,  If 
gun  inniiiil  mid  Inrgel  urn  elmKlng  eueli  nilmr  In  a 
ilreln  nf  rmlliiK  /»*  id  etf  i  in  I  xpreilx,  u>  «*»  »>«//  {,  Tim 
Imeklng  mil',  nn  llm  nilmr  hum!,  Ik  mcru,  (Km*  fhlx 
is'iiKun,  klimnmllr  slefleclinn  Ik  ii  Kiiniewliut  lliitnmimln 
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form. )  In  general,  any  nicehiiiilsni  whlHi  mcasiirfla 
angular  rates  with  respect  iii  tlm  khii  mount  will  pit 
whenever  I  ho  exes  nf  that  iiioiint  n  n«  in  curved  tll^iit , 

.1,1  .a  The  1)1*1  iirlinl  lletlele 
Principle 

Tin1  wights  considered  In  this  rlmpt <>>’  urn  of  1  tin 
iliHhubt'il  rchVfr "  type,  The  gunner  eontrolH  the  pusl* 
thin  nf  the  lioee  tods  i  if  I  tin  gun  either  nmiiniilly  nr  by 
mutin'  control,  The  e<tiii|tnt Iiiik  mill  lays  nut  the 
tlelleethin  helweeit  the  Imre  iix'Ih  iiiiiI  the  line  ut'  wight, 
The  guiltier  him,  then,  only  linllreel  n.ntrnl  over  the 
line  of  sight  wlileli  he  Is  rci|iiircd  to  keep  on  target, 
In  general,  u  given  motion  nf  the  gun  reKtiltn  In  it 
illffereill  Hint  loll  ill'  the  line  nf  Night ,  <  )ne  disturbs  t  he 
Hue  of  Night  Itmleml  of  controlling  It, 

5,3  \ iTAHKiYT  MOTION  KYK  HIIOOTIN't; 

,1.3.1  Historical  Henson 

In  the  propelling  eliiipter  it  prnve.l  possible  to 
Niipply  rnli'H  In  it  gunner  provlilei!  only  with  n  IKe.l 
eight  tiy  u lilt'll  lie  heemne  IiIh  mill  enllipeimiilliig 
eight,  Hltlillnrly,  It  In  possible  to  give  rules  by  ivhieli 
•  he  gunner  lieeonie«  hie  own  rule-time  wight,  Thlw 
prneeilnre  was  In  effort  In  •  nil’  nlr  forces  in  the  early 
days  nf  Will'll  I  Mill'  II,  It  preeeileil  pnwlllnli  tiring 
mill  nil  gilliKlghlw  tilth  the  exception  nf  the  Hperiy 
K-H  Inwiiilleil  In  theHperry  iiptier  turret  of  the  11-17, 
(Actually,  the  K-H  llwelf  tvim  only  n  pilot  nmilel  iiiiiI 
not  renlly  Inteiidei!  for  extended  use,"7)  Although  the 
digression  of  thlw  weetlon  l«  priinmilv  of  hlwtorieiil 
Interewt,  it  dcmniiNtrutos  it  Inn  must.  lie  ilone  it  lien 
ilewlgn  of  n  emit  nil  ineehmilwin  Ingw  the  tvenpnn 
limliilhilloii  iiiiiI  it  not  ennriliniiinl  ttlili  i hut  luslidhi* 
llnn,  In  Nome  form  or  mhei  It  lw  not  nnllkelv  tlnit 
wm'h  nIIiihiIoiih  nill  always  nrlwe  ilnrlng  ii  war,  Kye- 
nIiiioI lllg  niethi»il»  til'll  of  ilnliloiiN  ellieleney  III  the  lilt' 
All  lliol'illnitte  iiliioiilil  of  I  ruining  is  nee.  lei  I  In  iielileve 
nil, V  results  ill  nil,  \  elowe  iiiinliig, v  In  (lying  by  the  went 
of  the  pilule  In  tt outlier  of  Hero  vlwlhlllty, 

MWWWmMNW 

“  Meilelii  giliiwlglilw  tvlieltiei'  ei nit|itil Iiik,  or  own  wpeeil,  or 
tKeil,  uwn  nil  o|illeitl  wywtem  III  wtileli  n  rellele  |inllerii  weriilehml 
on  n  (ilnte  loenleil  to  llie  fowl  I  plmie  of  n  t'otiliiinlliiK  Inn* 
w.vwleiii  H|i|ienrw  a*  ne  liiiiige  oil  n  xoinhluliig  glimi.  uioiiuteil 
ill  nil  n will  nligln  to  tlie  Hue  of  wlgtil,  To  Hie  olwerver,  I  tin 
rellrlr  ii(i|»'Hm  lo  In  at  liitlnliy,  t  «>,,  on  Ike  lurgei,  ami  Ike 
liner  tmn  no  proMem  Iii  elone-fnr  itlwlmire  oilnfrl ni Inn  nor  neeii 
lie  ImiIiI  a  tKeil  eye  |.»  nlgtii  illwlioiee  to  prenerve  Ike  iiiigntnr 
illmeimloirt  of  (tie  itnlele,  The  eye  imiy  lie  inoveil  iit.mil.  over 
Itie  ttel.l, 


5,3,3  The  “Klepiuint”  Method 

An  emiy  method  of  the  type  referred  fo  iilmye 
tvim  the  UHIN  Klvfihiinl  method,'**1  w  ’The  gunner 
(ti  tracks  with  pljiper  on  tnrgrl  until  the  mugn  is 
tl/M)  yd  (ni ml lumet rie  estiiinithm),  (2)  Nfops  pjpper 
mid  observes  hmv  fur  the  forget  moves  across  Hie 
wight  framework  In  two-thirds  of  a  seeoiid  (while  the 
word  rlt'phtinl  K  wild  iilnnd),  mid  (3)  pi  mil  hum  target 
iiu  eijinil  mid  nppiwite  distance  oil  till1  other  wide  of 
the  plpper  mid  starts  filing.  The  two-thirds  of  it 
Heeninl  detlerl hill  Is  deereimed  III  tiriiporfhili  to  the 
ratio  of  net itn I  hinge  to  HIM!  yd,  Tills  procedure  muy 
lie  considered  muilytleidly.  If  the  target  is  <m  a  pure 
pui'Niilt  curve  the  reipiired  detleetlou  Is 


A 


1  IT  A 

2  /ti  / 


1  'll 

I'm 


will  r, 


by  Seetlou  I, '2, 1.  'The  iiiigulur  rate  of  the  gun-target, 
line  iw 


Of  ** 


IT  will  f 

I' 


where  r  is  the  range,  If  u>  dues  not  change  radically 
the  gun  Is  held  wliii  for 


L 


"- ) ' .  t, r 
u»  \  2  e„  /  »'u  e„ 


seeoiniw,  where  In  a  llnic-iif-lllght  inidtipliei',4'  If 
r  «*  t ,Kt M)  it  mid  e, i  <■>  2,700  Ips,  then  Is  o/i/irc,rf- 
i mil'll/  two-thirds  nf  a  second,  The  fuel  or  varies  "" 
I I’miii  O.HA  to  ti 05  with  (Mitt  im  mi  aeeeptnlile  luemi. 
Hnppiise  mm  t hut  I  lie  gunner  niiikew  an  error  ill  In 
estluuitlug  time,  Then,  imsiunllig  that  lie  euit  de¬ 
termine  and  lay  off  Hie  resulting  motion  perfectly, 
his  error  Is 

(  3  not)  ***  *  11,1  r  (**  *  *•*  ■+■  MMIfl 

uiillirmllmm,  where  r  Is  in  yurds  and  r„  Is  In  yards 
per  second,  If  for  nit  gunners  the  average  ill  Is' mini, 
Hie  average  shooting  In  biased  by  nlmut  12  sp,  r  mllll- 
radlmm,  for  a  bomber  at  225  inph,  beemme  of  tlie 

neglect  of  . . irvuliire  correction  ia  llie  rules,  If 

.lie  rules  were  adjusted  lo  allow  for  ibis,  and  If,  then, 
tlie  average  ubtwlufa  error  In  estimating  time  were 
1*1"  '*,15  Mac,  at  000  yd,  llie  itvemge  absolute 
error  In  lead  would  lie  27,5  sin  r  mlllli'iidlmm, 

It  was  appreciated  the  I  a  eorreetlou  most  lie 
made  for  upproaeli  iingleM  I  Inti  are  not  sensibiy  sem, 
The  giiimei'  Is  In  use  some  point,  nil  the  extended 
fuselage  of  the  target,  from  which  lo  lay  off  Ids  do- 


(ONFIDKNTIAI 
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Hmtion  hh  arrived  ul  xbove,  TIiIh  Ih  obvhmnly  tut 
nllowimeo  foi*  ImlliM it*  ih*f!t'fl iuit  It  I*  doubtful  tlmt 
w  combat  gunner  could  tin  thin,  Fitrlli««r  diHeunnltm  in 
IMtHMlhtOft  lint  in  view  nf  tin-  mil  |»uict I<<h1  (IIHIfiilt ir>n 
In  carrying  nut  Uio  |ii‘u*<i*m*  in  tin*  nil-  (Jumping  night, 
I'tc)  ihe  Htibjerl  Hill  mil  I  it-  elnhoriilcd. 

1.2.3  The  “AHC"  Method 

Tim  UNA  A  I1’  lined  m  met  hod  t  ,ui  te  Hltnilm  in  tlm 
Kloplmnt  mot  Inn  I ,  Thin  wan  tlm  AHC  method,  in 
wlilcii  A  lit  ,  wlii'ii  hiiIi  I  n  li  on  I ,  wit  w  |M‘i>Kiimeii  In  have 
n  til  11*11 1  it  Hi  ul'  thm'-qimrtri'N  nf  n  Hceuiid,  Tlm  1 1 1  Ht  *  re|  i- 
nim\  In  1 1  urn  t  li  in  nl  llnm  In  tlm  two  itii>t  imiln  Ih  i>\. 

|iinlu**il  by  noting  tlmt  geiicrnl  thing  . . lit hnin,  an 

|»j»l"wsl  In  purnnil  I'lirve  iillimkH,  wen.  In  nilinl, 
rim  I  Millet  sviiH  In  hnve  mi  average  H|mei|  nf  2,11X1 
f|»«  iivei*  I  ,81  tit  ft  It  |h  in  It  lent  tlml  lhl»  eim  In  exm-lly 
l  Im  wrong  direction  In  countering  pmniill  curvon. 
AgnliiHt  II  target  nil  n  |  mm  I  lei  einirne  nl  tlm  Hnnm 
d'eed  i(  given  in*  Ifin I  (like  tlm  Klt'plmuf  method) 

nml  hi i  ilni'H  mil  . . allow  foi  mill  Tln>  method,  In 

Inet,  will  give  I  lie  emreet  leml  when  the  turret  Ih 
i'I'iihhIiik  ul  right  HllltleH  In  the  hoinlmr'H  track  lit  n 
range  fill'  which  />  «  V,  11)1)  f|W.'  |''i n*  thin  eiine 


nf  (id  kiinfH,  ulmitm,  fiiiii  mi  n  parallel  overtaking 
emii'MO  uf  n  inline  I'tm  which  the  average  wjreed  nf  the 
Imilt'f  |h  2,413  tj im,  (Formula  (1)  of  (iinpter  2  with 
*/9  •  9,413  given  A  «  8/5  4*  D.fHfie,/  mllllmillatiH, 
wheci'  i',/  Ih  in  feel  pee  xoenni!,)  Now,  foe  example,  If 
n  target  nt  2,(H)f!  ft.  tukiw  (l,/5  nee  to  ci'ohn  the  radian, 
||N  enwnlug  Hpeeil  Ih  (!W)(2)/(t),fl)(I,(tf))  -  88  kiinlw 
(it  mi'll nnixiil  figure  nf  NO  Ih  uhimI)  nml  the  deflcetlim 
iiiiil  lift  Ih  8l)  50  ■■  t HADH  (I  HAD  «  8/5  mllll- 
emliniiH),  Thin  nmlluiil  Ih  i|nlle  i'i(iilviih'iit  to  flm 
AHC  nii'l Initl, ' 

12.1  Critique 

The  enli'H  nf  Ihiiinli  iIIhi'IihhciI  In  thin  Hocthili  nee 
hinenlniiH  Imt  ntmiitlHfnetoey  on  Imlli  Hieueetienl  mill 
pi'in'llenl  gromidn,  Thenii'tleiilly  they  uegleet  lenll 
ninl  enevnliiee  eflVetx  nml  will  mil  fnnet ion  when  the 
gilil  on  in  ii  I  Ih  nil  n  cni'Viil  i'i  ill  |'ni>,  Moreover,  It,  |„ 
itHHimieil  tlmt  the  iingultii'  elite  nlincrved  will  peenUf 
w  lilie  i  leliei  - 1  lot  t  |h  Ink  I  nlf,  HmIIIhI  len  nee  mil  pel'll  lit  It'd 

tn  vn ey  with  range  . .  ultllnde.  tin  the  peimtleiil 

Hide  they  nee  illlllcnlt  tn  apply  nl  any  except  key 
'■"IW'h,  even  iiHNtimlnK  t lie  tni'Ki't  wmild  drift  In  a 
xniiHilh  pnlh  nernwi  mi  iilti h true  night 


A 


i'r  ,  iv  ,  r 

• I  HtH  i*i  ui  «•  Hill  o,  »  i/ 

e„  r 


Vi  hank:  lilKOHV  OF  I, F\|)  cjOM- 


I'ne  a  target  on  n  ici'llllimni'  coiii’ho  the  error  nf  the 

met  laid  when  lined  perfectly  Ih  u(!1  r  t\  5  :t  | 

\  I  ill N)  / 


w  here 44 


HTiisc;  nioiits 

Humwi*  (mil  'rriii'ltlnii  llitteK 

Itllll  SlIHHlt  hilly  a 


I’e  nIii  r 

~  I',  hIii  0 

V 

■ 

1 

V 

t 

"ft 

i'i/  mIii  r 

- 

i',/  hIii  0 

(Mee  Hci'IIoiih  2.2  I  mid  2,2  8.)  After  ennipiitnilnli,  it 
Ih  need  tlml  the  citiii'n  nee  really  HeeimiH, 

fl,2, t  The  “  V|)|»umi(  M|h*h|m  MhIiihI 

Tlm  two  pti'i'eilltiK  met ImiU  Used  11  time  iiilemil 
til'd  determined  Imw  I'ne  the  target  moved  In  tin* 
f rulin'  of  tlm  nigh  1  It  |„  pIM„|h|c  tn  ll\  the  dhtmici*  to 
he  moved,  e.g„  the  rliigHlghl  emlliiH,  mid  determine 
him  long  thin  nintinn  taken,  Thin  Ih  the  Ajifxii'eut 
Spml  met  hud  (UWNj,  A  rlngnlght  wlnwe  angular 
eitdliiH  Ih  8/5  iiillilendlntiH  given  the  dellocllon,  wilhmtt 
tmil,  to  Inke  ngnliiHt  u  target  with  n  Hpeed  mlvniilngc 


Hinee  hiilllHtle  elTeeln  nniudly  i'oiimi i t lit i<  11  nilime 
pml  nf  the  Intnt  delleetlnl),  mid  since  (Iichc  olToetn 
"I«y  he  pei'Hented  nolle  iieiMienlely  hy  hiiI>m|i||h ry 
iimehiiniHiiiH,  let  iim  eoiinldee  geneelenlly  the  mitnieof 
11  lend  computing  High)  denlgned  to  produce  n  kioe« 
mntle  detleetlon  which  Ih  the  product  of  n  lime-of- 
lllglil  multiplier,  mid  the  privmnt  nitgiilnr  ride  of 
t’otntion,  u>,  of  tlm  Hue  eomieeflug  gnn  to  turget, 

III  order  for  n  nlgiil  in  ohtnlu  It  iiiiihI  he  mipplled 
w  ith  Hume  hoi'I  nl'  I'oiitlmnniM  entiunite  nf  the  pi'i'went 
I'liuge  In  the  Ineget,  The  range  In  twimlly  nhtnlneil 
nliidlnnietrlenlly  hy  the  1  .pern tor,  Thin  tnemiH  HihI 
mi  optlenlly  preneiited  reticle  Image  of  Home  put  .tern 
(piiinllel  hum,  delH  In  it  eirelc,  n  ring)  enn  he  ehmiged 
In  Him-  hy  the  giuuiee.  iim  remnlnlng  t  wn  elumettfn  of 
tlie  leituh'i'd  Mimplc  peopoef  ion  lire  the  tmtitnl  nine  of 
tlm  target,  nml  the  hIxi*  of  tlm  turgot,  in  the  nenle  of 
I  lie  liiHteimieiit.  The  iipeenlni’ uiunti  net  In  t  he  ltd  tee 
Htnnll  IiinI ritmeiilnl  dlmetiHlntt  hefnee  (lie  eiigngemput, 


UDNIiDKNTIAh 


wan  f!OM!»LTiNii  siftirr* 


Tlid  fif  I  lit)  I't'.mliitil  til  ki'i'js  ihn  i«r- 

K<’t  fVmiiim1,  wlini  ciimjmrp.l  with  Him  tlyml  input. 
wl*M,  iMwiiilt  thn  night  t'i  uhliiiii  tin-  miigM,  Tim  miigM 
p  Mit|»|>lit*i{  In  tllli  IuhIiIi hi  liy  Him  uperntur  will  not,  In 

KMlInml,  Ilf  till'  I'illTMl't  iniwnt  'p|n,  ,||flYr. 

nni'M  p  -  r  In  I  lin  mnging  I'lror  mill  in  it  I'miMlhm  nf 
tilin',  Twn  In't'iiM  ini  n  n<i  I  In  1 1  "iy  umir,  Why  lint  mnonlh 
lin'  mngM  i*mn*  p  —  r  linfuri'  iinIhr  It?  (Thi-  Im  hi 
minlngy  with  <‘«imtii unii’ti t i« him  MiigiiiMMilng  |»in i*t icn 
In  whlnli  Iiti'kiiIhc  nml  lint Iiik  ti'fiim  him  mmIImiI 

'*  <»"l  HI'M  Hill  ijl'l't  l'l|  til  NHIHOtlllllg  I'llVIlIlH,) 

HiiiimiIIiIiik  nl' thi' iniini'  Ih  nut  iIiiiim  hi  thi'ili'vli'i'Mi'iiii- 
Hlih'i'i'il  In  thin  i'i in | it  1*1*  Ami  why  mil  mhm  t lie  ruin  uf 
rimtiKn  uf  mngM  p  In  I'Mtliimti'  I'ntinv  nuiiti'?  TIi|n 
Miit  limit M  would  ln<  iiiiiiIh  I  iv  i,  f  jin  „H  Im  nr.' 
(Mrilmi  I'Mtliiinti'il  liy  ln a>.  In  | >mrt )>•<•,  „  liwif  |M 
l"""‘  ,UI,I  jninp.v  nml  p  l«  nut  iinmiI  With  inihii'  Input 

ni  rnnge  I mt I « <il  thi'nn  lili'im  In . him  innri'  n 1 1 rui't i \<< 

III  ni'ilcr  Ini'  till'  night  tn  iilltnin  m  ||  ihiimI  Im>  nip. 
Itlii-il  I'lilillninniNly  with  till'  iiiignlnr  puNltlnn  r  nt' 
iIim  lni'ui't.  <  livmi  thi'  |iiin|iIiiii  <‘<»nt Itn miiihIv,  Him  night 
i**m  n^’tnln  (In'  ri'i|iilri'il  i'iiIm  r  u,  TIim  giiiiiiMr  iiiiih! 
ki'i'p  thi'  1'i'iiti‘i' nl'  (In'  I’i'tii'li’  limige  tilic  |ii|i|icr)  nu 
tui'Ki't,  III'  Mill  ui'iii'rn ih  i 'it  III  thi*  mill  give  in  hln 
i'lKhl  a,  wlih'li  In  Him  inimiliir  |niN|thin  nf  thi'  plppiw, 
'"I'I  irti*««lli»r  mnl  iwi'lilnliii-y  The  « iilTi  rnu«<'  r  ,t 
In  i'iiIImiI  Him  trm'kiiig  I'rrnr  nr  iihInm  Im h*  iiiignlnr  pn- 
nIIIiiii,  i nit h  nl  thi'  pnllitN  nl  thi'  IH’mvIhiih  purngrnpli 
him  miiitImH  nut,  1 1||«  < In t mu  in  Niiinnl lii'il  uni)  Him 
'"Wilin'  hi  If  ik  Miiiiiiniti'ii,  ii  n,  of  mi  mi  i'nm,  It  nniNt  I»m, 

I  he  nliimli iiiii'iiiin  i‘i'i|iih'i'im'niN  nf  imiging  nml 
t'lM'kl'iK  (mill  II'Ikki'Hiik)  him  unit  imllv  hihililtnry. 
I’miIiii'iiiiiiii'I'  nil  mIHiit  hum  iinpmvi'N  iiiiirki'illv  if  the 
nthi'i'  In  iiiMiiu  III  kmiimihI,  i nirkiiiH  In  lii'tici'  Hum 
t  imglng  In  Him  nmiinm  thin  l  lie  i 'I'd  ii'  In  nh  hi  Her  mnl  innri< 
in | il« liy  I’tiiiiiniii.  TIiiih  him, ml hinu;  nti  Him  tnii'klng  in 
iiligli*  In  I'miinIIiIm 

In  thl«  i' hn  |  it  mi'  wm  nIiiiII  iinniiiiim  Hint  I  lie  gim  imniiil 
In  in  lllillni'in  inn) lull.  TIiIn  In  i-i (II I \  n Imm t  In  Hnyillg 
thill  Him  trunking  i'll 1 1*  f  U  <•< |t in |  In  Him  Ii'iim  migllinr 

"f  'hi'  KlIII-tlll'ttMt  llllM  ui,  Till'll  till  INC  n|h|i|n 

"IiImIi  iiimiiniiim  rnti'N  ri'liitlvi'  in  Him  gun  imumi  nml 
lliimi'  Hint  Himiiniii'm  It  I'i'IiiHvm  In  Him  uir  iiiiinn  nmy  tin 
niiIiniiiiimiI  iihiImi'  Him  nh  ni  m  thimry, 


Ni'n|iimily,  fn  1'iu't,  Hi  In  In  Him  only  typo  nf  nlnuHt 
csfsthiijiiH  In  Him  iImvIcmm  nf  Htl-  Mliiiptor,  Ju  l'’|gniN«  j 
Him  IhinIc  might-  nf  ilm  HIhiminnIiui  h m  iliimtrafml  (To 
nmkn  Him  Ht'giintMtit  tmtiNputf'ifc,  it,  |*  „-mnw|  Hint 
Him  inntimiH  of  gun  nmnnt  nml  tm-gi't  mu  mipliunu', 
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BONt  Oil 


Jt\t 


&IOHT  A>IB 


'  OUN  UBOCT  UNt 


•L,. 


r,  I . . Mtiniwi  I'M* 


ti.'t.a  I  Iim  Kx|Hmi*ullni  Smoollilnp 
C  Jli*<>iili 

I'I"'  tmwf  Muminnii  Minnnlhliig  m,vm| mu  In  Him  h.c 
fmmnlM  moolhiiiy  rirniU  u  hich  enti  he  imiiIUmiI  In 
Ilm  imnti'nl  I'li'MtHi'ully,  nmi'hiiiili'iilly,  nml  KVn 


t'lllMIH;  I,  IllMll  IIIIkIi'N  ill'  tl'flll  I'lMIHlIllilllt  "lltlll 
Iht'nry, 

I  Ih1  not t i i >ii  \  iiiNtMinl  nl  ,\*  will  Iim  iinmiI  t Ini tntcl ioi 1 1 
HiIn  I'iuiptMi'  I'm'  kliii'iiuitli'  ili'lii'i'llnlp)  If  Him  fmi'klntt 
wi'ii'  pci'li'Mt,  a  «  r  nml  \  -  y  -  r,  ho  Hint  k  ■» 
y  r,  Tin*  icnil  pmiliii'i'il  nIihiiIiI  Iim  \  ■»  f„,f,  IImiimm, 
tin1  nluii*  t'lpinliiin  would  Iim 

l,.,k  -f  \  -  l„y, 

\n  "  ili  Iim  nmi’i j  Iii’lnw,  tin'  iipnitliitl  in'lmilly  ini'Mhn- 
nlKi'il  i iv  ImiiiI  I'limpnthiK  Night«  In  nut  Him  pi'iH'i'illint 
mum  Iml  In 

1 1  -j-  n)lmk  -f‘  X  »■  l„,y, 

I  Iim  I'niiNtmi!  a  ImihIn  In  niiiuiiiIiIiik  nlnl  In  h  muiimm* 

'inniiMM  nf  Hi . .  ndopti'ii  |<Yimi  iIiIn 

Mitmiiiun  hum  ■  1 1  > t n I n n 

Htmk  4-  A  «•  Imtl  |  ft) 

whi'i'u  A  In  t mw  Him  m  l  uni  ImiiiI  pmiliii'i'il  liy  Him  Night 
Nlni'M  hum  luki'r.  it  ■  y  -  A  iii  i  tl  it  ii  ii  i  MitUiithitt  (i), 
Thi-  In  Him  Ii/inIm  Mipintlnn  nf  Him  thimry, 

,r:t,.t  IMi.VHit  iii  K<utlisr,ttlitni  of  Ihn 
Ni«hl  IVmino'ler 

Tio* Miiiiwf out  it  In  I’iiIImiI  Him  ni(fhl  immmHoi'.  It  Mini 
Iim  given  ii  piiVNK'tU  Illtel'pi'Mlnt Inn,  I'Ynin  t*i |1  nt t ion 
(I  !,  It  I'nilimN  Hint 

A  ■«  L(ir  —  nX ), 

ll  is.  lonrtli  IIiim  In  in IiImiI  tn  k’igni'M  I,  milking  iim  migln 
f  -  n A  with  Ilm  . .  Hum,  It  fnllowN  1 1ml  Him 
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*W>I  l«  computing  lend  m  If  l ho  target  were  on  fhlx 
fourth  lino.  Dowrlhlng  thlx  lino  hy  UY,  If  I*  evident 
Hint  it*  tlio  xyxfom  rolnlex  mIiimiI  U,  the  ml  in  of  the 
mijtlo  1  US  to  the  itiiicli'  SUH  renmltiH  ooiiMimd  ut  a, 
Ah  I  ho  iloflootloii  chnngi'*,  tlio  propnrtluimto  poxi- 
tii'M  of  UH,  (IS,  mill  UY  ilooH  not  ohnngo,  In  gyro- 
Hi'opio  xlghtx,  tlio  lino  U)  linn  n  dolinlto  exli'tonee, 
It  Ih  llio  Hpln  iisIh  of  tlio  gyro, 


IHMciiMPiiot)  of  tlio  Circuit 


A, .1,4 

A  dixmixxlnn  of  t *< t> in t ii ni  (I )  Ih  neoexxury  mid  Inter* 
OXtlug, 

Wkmiutki*  Avmiaukm 

\Ne  oioi  tii’Ht  wo  lo  wind  hoiiho  mmh >i it lilum  ni'  iioer-. 
MKllitf  Ih  olTooti'il,  Tlio  t luiiMif* lll|{lil  multiplier  Ih  ii 
fniM'llon  nl  time,  Hut  t lie  rhiingo  In  ii  now  viii'inlilo  i 
liy  ill  l,„ils  will  oliniliiiito  /„,,  mnl  mi  oi|iiiOliin  with 
oniiHtnilt  I'lioflloli'iilM  mixex.  It  Ih 

il\  ila 

i\  .  4*  X  **  .  » 

th  if: 

TI.0  llllrgrillltlg  fuel  nr  Ih  c  ",  mill  mult  i|illi«it  Inn  hy 
tliix  mnl  ltil"grulhni  hy  pmlx  give 

»  «  />; 

A  «  A„t*  '  ”  + 


M  Ill'll*  t 


11(11 '  "  —  t  I  J II  ' 

riii 

m  I  i  r(0!  «**  0,  nml  A(ll> 

.in  /„, 


ill 


(2) 

Xu,  m  Itli  time 


III'IkIIIHI  log  III  I  m  0,  Till'  lllll'gllll  III  01(1110  illll  (li) 
hiiuhohIh  the  i'N(iinionlliill,v  weighted  n  vertigo  of  dir  ill. 
The  tnliil  weight  Ih 

/•i 


ii'(t) 


f 

•hi 


it  to* 


I ) 


II  mo  i iho  (ila  ih )„y  tu  iiii'ii n  tlio  tivcrimi'  of  ihi  1 1: 
Weighted  In  tliix  hoiiho,  t lion  <<i|iiii!ittn  (2)  cii n  ho 
writ li*u  * 

.  ( ’lx 


V  <li 


f  O 


A„ 


('•')  '■ 
V  if:  /  mv  « 


CM 


The  fill  it'o  xooiiihI  teem  of  oijiin t  inn  (,'|)  mil  v  Mo  onlloil 
tlio  Imnsiriil,  xiiioo  it  lii'i'iiiiiox  mi  1 1  ii  1 1  nx  i  Inoii'iixox. 
n.o  weight  ftniol  Illll  o"''  |x  Htioh  Unit  iloot'oiixlntt  x|g- 
nlHomioo  lx  nttiioliod  tn  iiiliininil Inn  fnrtlior  nml 
flirt  hot'  Itnck  In  tlio  |tnxi,  If  u  lx  Inrgo,  v,ln  ftilU  nlf 
xlowly,  nml  the  xtttiM if lioil  (troxonl  eulito  di'|ioin|x 
iimro  lionvlly  mi  tlio  puxl  vnlnox, 

DAAII'IMU  lie  Owi'IM.ATHItV  Thackino 
Kiimi  n  xmiioM (ml,  different  (mini  of  vlow  tlio 
xmunlhlng  offeef  nf  tlio  olrcnlt  omi  ho  olurifloil  hy  u 


idmple  example  Miippuw  Hint,  Iho  target  ix  moving 
In  h  olrolo  on n md  iho  gnu  of  uniform  miMidnr  xpood  w, 
Then  /„,  lx  odiiMtnuf.  Htippnxo  tlmf  tlio  trucking  mftt 
Kxolllitf ox  mound  I ito  oorroet  vnlno  Hcuordhig  to 
ir  «*»  xt  -f  A’  win  nl,  Tlioii  tlio  slmily  xfafti  Holutlun  of 
o<|imth<ii  (I)  umv  ho  wrltton 

A  «  lmu>  4-  j  xin  (nl  -  hm  'tmD, 

V  I  f  (M  i 

If  n  worn  *oro  Iho  lomi  prmlucoil  would  ho 
A  *■  /,„w  T  Kim  xln  nl, 

Tlio  rntliiof  tin*  loud  ormr  miiplil tide  with  n  temiicio 
ft  to  Iho  mnplHndc  with  goto  tt  ix 

I 

Vi  +  n*n¥m 

Tliix  olToi'l  ix  onlloil  iln iii(iiii(i, 

Dkoai  ne  KAi.xe,  I,i:aiih  ami  Mi.kminu  Hiiitinkh 
Tlio  lull  Ini  loud  nf  Iho  xlghl  A„  nitty  well  Ito  I'nlxo, 
xlm'o  ntnlor  xleniiig  In  got  mi  lurget  tlio  xighl  I'oolx 
thul  ii  I'iihI  lurget  ix  m  Iniinl.  It  ix  iiitportiifd  In  know 
how  mpldly  xiioli  fidxo  ionilx  doony  if  iho  ruplility  of 
loud  ooKipnlitlhm  ix  lo  lie  iixxoxxi'd,  Muppoxo  tlio  xlglit 
n\ix  |h  dlxplui'oil  I  mill  Iho  horo  n\lx  liy  mi  iimmml  A», 

Ifihoitnii  Ix  imt  moving,  y  -  0,  Mot . liy  tlio oi(im- 

tlon  omuioi'llng  loud  to  gnu  poxllion,  wo  Intvo 

(I  +  ii)/,„ A  -f-  A  •«  it  i 
mid  A  -  A„e  11  1  ' 

The  roxpimxi'of  thoolroult  ton  purlhmliir  form  nf  gun 
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Mini  lie  !/,  Urlfl  of  xighl  lino  tnn'k  I"  Imi'o  itxix, 
unit  loti  Ix  xhmvn  in  Figure  2,  It  inlliiwx  from  tlio 


itlmvo  i>i|tiutlon  Unit  A  doonyx  to  l/e  of  llx  nrlgltml 
vulitc  in  (I  -f  «)l„,  wo,  Till*  time  ix  onllotl  the  //hip 


t’ONFIDFNTIAh 


f  •>  ttH"* ^T''**xy-'pi-vr  j,<rcTrniyi-jrfX'‘ '» 


J  •  . 


'A 

r<||  v 


IK  ah  coiiim  msu  stout** 


m 


eiwbtitl  nf  l  lio  sight  moHiniiimn,  (Iff*  «  i  wn*,  tlm 
limit  ItlllX  limit  niiiKliml  I  4-  11  In  mfiliolitim*  t'ltjjnil 
tint  niffhl  mftoim  fnetnr.**)  Nlimo  lini'minm*  with 


(liH'iimwinu:  t’liiigu,  In  slowing  lint  gnnimr  in  fmpmntiy 
limii'tmtoil  to  luihl  tint  rjiiiKi'  Hi’iii’iu  hi  ii  mliiinitmi 
until  Im  I*  hii  tni'got  with  iti<>  Kight  |i||j|M>i'. 

In  mi  ill i i*m pi  in  itiiitlitijm<  t In*  llnin  i<i>«|iiir<*ij  fur 
I  Im  ti'Himlont  (m*  I'iiIki*  inml)  toiioony,  slowing  iiiiifiun* 
oliii'r  I  linn  t  in*  Hlni|»ii*  uih1  itii*nl  IiiiiimI  nlim,i'  hiivn  hooii 
pl*<tpu*oi|,  Tin*  |i|'i)i)i(t||i  Ik  tipprmmimii  iiiiiilytipiiiiy,lw 
Hii|i|mwi'  llmi  it  ttirgnl  Iiiik  it  i<miKlimi  migtiliii  vniimlty 

Tin1  Inn*  li'inl  Ik  I l»<*n  liiki’i*  in  In*  i ,•>(  t hi*  it»m 
M'mll Inti  In*,  iiflulntilly,  r,„  hvliin,l  i hi*  iiugH,  Hit|>- 
iniKiiiK  l Iml  lln*  iimxiiiiniii  slowing  mi<>  of  iln<  imwi 
Ik  .1  i'imIIiiiik  |»i*i*  Ni>i*<imlt  1 1  ml  gun  nmlliiii  Ik  r«*i  f»ii  r«*i  | 
"  I  tit*!  i  miiiliuliti'K  1M*  I  In*  linn'  lnli’ivnl  in  whii'li  ilmgun 
t'l*lli*lll*K  ilinl  In  ill  Int  i|Ki*niTl*i*t  |iiim)|  inn  (y  «•  c(|  |  i'r,}  j 

ImT Ii)  llllll  ill  tlilil’ll  till!  sight  Hill'  IliKII  lltllllllK  lln  Hir- 

li'i'l  I  It Ifi I II III  (»  m  r  -I  /r„|,  Tin*  khIiiIIhii  «*i itmiHl m  In 
slowing  III  1 1m  nnixinoini  nili*  mil II  tlm  gun  Ik  Imyoinl 
ilw  I i*iii»  |hikIi  Inn  hi  ii  iIiiip  1 1,  mill  i|n>ii  |n  mli'u  inn;  l»imk, 
iiM.nl it  ill  lln*  miisliiiiiiii  min  ~.|,  until  It  iniinlin*  (In* 


tmi’  |  ii  mil  Imi  ni  n  linn*  fg,  Tin*  liilii'i*  llmi'  h  l«  mulily 
t>i«*ki*<i  nut  liy  lliu  gutinor  iih  ilin  llmi'  M||,,(.  /,  w|„,|, 
Hit’  Kight  Ik  mi  inrgi’l ,  Tin*  mni  ililllmliy  iii'K  in  tolling 
lln*  gillllmi*  Inm  In  ili<l|t|'itiini'  h,  i  c  ,  him  fur  In  gu 
l>itKl  lln*  I  argot.  TIiIk  ipii'Ki Imi  Iiiik  iiiiI  Iici*ii  iiiiKUniml 
mill  1  liiis  ulouliig  null  Iih*  Iiiik  uni  lii'i*uini*  m| ii imIihiI 
upornl  Ii  mu  1  primoiliiro. 


tililni*  IiIk  trunking  (#ni  ii  I  (Htiipiltiuio  nf  1*1*1*01*  A  inlill- 
milliiim)  iiiui  yd  hi*  gnus  nmy  Im  mumping  iivni*  I  In* 
tiugi'f  ivllli  no  imi|ili((ii|(t  llirci'fiilii  iiii*iww«ttl,  If,  U 
•'vitli'iif  1  Im!  im  «  iippruimhoK  *1*1*0  tin*  m npli lli'd Hon 
ilimvsrs,  mill  IW  fill*  fmt|iioiioy  >1  ilir  inoroHMm  1  ho 
lllll|)lilll'lltlllll  lllCI'l'IlKl'K  iml  lll|tOI*K  tiff  fll  fill!  Vttlltn 
(I  4  n)  !>■  Tills  Ik  11  gumi  rciiKiili  why  sight*  iinii 
Hii'hIIn  with  iniioii'i'o  iwrnniotoi**, 


t* im  in  A  1 1"*  11  ni|i Ii lli'ii I  i<m  ,,f  HKi'llliiini  v  trimklug 


Alll'U  I’ll  *ATII  IN'  Ilf  TllAl'KIMI  I. HIM.,-* 

II  ni  ti'iii  inn  i<  | m  iii’il  iii  lim  n *lii I  Inn  Imi  wi'i'ii 
trim  king  ci* i*i ii*w  mill  gnu  1'1‘riii‘K,  II  will  Im  ki*i*ii  t  Imi  I 
i*l‘ii •  I'm  In  lim  liin  kliiK  iii'i*  umplijlril  m  Ih'ii  I I’h iihIiiIi'iI 

llltli  I'I'I'iiI'k  III  gun  1 11  >1  III  1 1  luc  (  'iilisiilor  lln*  1*1 1 1  III  1 1,  ill 

( I  I  «Uma  *f  ii  ■*  ill, „>  I  y,  ( I) 

"  hit'll  miKi'K  fi'iiin  1*1)11111  inn  (Ii  If  wn  | ml  \  «  y  n, 
H 1 1 1 1|  n  imi  *  llmi  lim  high!  linn  Ik  iwHIntlng  iirciinllhg 
In  t»  «■*  ,1  Kin  1, 1,  Tlmii,  fin*  I'liiiMlnnl  l„„  lim  ulcuil)/- 
Hlnlr  iKiihit loti  of  lim  gum-iglil  i'i|iiiillnii  Ik 

V  .1/  I  kIii  ( ni  i/t), 

\\  horn 

,1/  «.  I  1  +  * 1  + 

'  i  t 

Ilinl  <t>  |k  II  |ljl||Klt  llllgil*  IVllllKI*  Klllltii  vililll*  III'I 'll  Mil)  III* 
i'iinw|(|i'i'(i(i  M  nmy  Im  iul ui4|ii*i*l  1*1 1  im  lim  mliuul  lim 
nlii|illhiiii*  nf  gun  iiKuillii I |i  111  lu  lim  iiiii|‘illinli'  uf  lim 
»lg!tMiim  *»Ki'i|i|ii io!i4  Ji  I-  niiilnil  1  in'  (imjiliJImlioH 
furlin'  mill  is  |iinllitii  Ini'  typii’iil  viiImi*k  in  |''|guro  H, 
Ampiillciillnii  i ini'oi vi*H  lim  gnnimr,  Minor  Im  nmy  cun- 


In  iii'limi  trunking,  umiiK  urn  I'umiuitlu'l  mil  only 
iilmig  l  In*  |  hi  1 1 1  ut'  lim  t  ingot  I  ml  nlmtiii  right  migii  * 
In  llmi  |uil Ii,  ll  Ik  niilui'iil  In  imk  if  tlm  (wo  I'niil- 
l»nmiilK  of  nniso  rnii  Im  tiviiliul  imli<|miii|i>ul  ly  iiiKiifm 
iik  11 1  n|  ill  lli'ii  t  imi  |k  i*iini'it|'imi|,  Tim  iniNwni'  Ik  yi'M,1** 
t  I  Imi’i1  Ik  11  writ  Klighl  i'Ciikm  nflunt  nil  tin*  \*rrl li'iil 
iimplitli'iilinii  f  1 1 1  *  1 1  ii*  iv iiicli  I'm |i ici’K  ii  hy  nliuitl  ll  I 
pm1  I'i'lit,)  I'm*  IIiIk  I  wn  illmi'iiKjiiiiiil  I'tiKit,  liuwnvi'i1, 
It  iniiy  In*  fiiiitifcii  nut  llmi  I'iii* nni'tnln  minliliiHl Iuiik uf 
Iti'ipH’Mi'y  iiiui  I'uliitivn  pluiKc  of  tlm  i*tiiii|ii  iiinit  In  I 
trim  king  iiuIkuk,  lim  ruKiiltliig  uiti|ililicii  gun  nmt  iuu 
I' my  l«'  Kin  li  Hint  tlm  gun  huvui*  gntK  mi  turgi't,  nvuti 
though  nimh  t'oiiijioimni  uf  tlm  ti‘iu*khi)i;  ituiikuk  tlm 
liii'gn!  (11  ihI  1  Ii  in ,  (OhviuiiHly,  if  a  1,  •*  A  k|ii  ni  uni  i 
m  **»  A  i'uk  ni  inn  tim  lutui'iil  imii  vurl li'nl  tmukilig 
imiKi'K,  tlm  gnu  iin*ui'iintK  n  uii'i'in  of  rniiiiiK  MA.) 
Tiui'kliiK  uiTiit'K  imii  in  Ki'immi  lint  »n  I'CKiilHi'iimil 
tliul  HiIk  is  mult  nr  fin*  I'uimnin. 

Ol'KIIATUIVAl,  HtaIIIMTV 

Tim  tpioKtinii  of  nfirmlwiuil  uluhUiln  umy  In*  vlinv 
iiml  tlifinigli  nipmtlnii  (I),  HuppoKi-  Inltiiiily  tlmt 


C'ONFIhKNTIAIt 


HAMM,  TUMMY  Of  MCAIJ  OOIWIH  TINU  NIPIITM 


a  m  y  m  {),  Jf  |||e  |C||||  |w  given  n  midden  jerk,  till* 
nufHHiwi  uf  (In*  wight  lino  In  determined  hy 


a  it 


I  ■+  fi 


V*.  i 


"I HTt1  In  Hit'  Inlt lot  Jerk,  Tin'll  (I )  if  u  |w  puNlllve, 
(In'  lull  In  I  Night  nuptitiM'  iigi'ii'N  In  Ni'iiwr  with  tin1  gun 
motion  mill  the  Night  In  rnlli'il  o|»i'i*nt lotmlly  Nliihli', 
(2) If  ii Imhimh,  tin' nI  jlit  iIim'n  imi  ri'N|iiiii( I  Im nii>il lut ol.v, 

t Ill’ll*  In  iiii  Itti) iiiIh) \-o  effort  inn)  the  Night  nci'Iiin  Nhtg' 
kInIi,  mill  (3)  If  it  In  negative,  die  Night  In  ii  font  win  Her, 
hut  In  tin'  ii|i|iiiNiti>  ilh'i'i'tlnii  In  tin1  gun,  mnl  In  oulioi  1 
i >| ii'i'n l limn ll.v  miNtnlili',  In  the  third  i'iini' llm gnmii'i' 
In  dereived  whirr  ii  hiiiiiII  cnrreellve  jerk  in  wind 
nIihiiIiI  Iii<  thi'  light  i lli'oi't Ion  I'miNi'N  tim  Night  In  move 
lull  hilly  In  llm  1 1|  i|  h  inI  1 1*  illii'i’lhni,  Hindi  wight*  cmi 
In-  hulls,  hiiwever,  mill  will  fiiiirthni  In  tin1  ni'Iimc  ihnt 
If  tlm  gniiN  ni'i'  wtm  led  ninl  ii  nit  i  i  n  in  tnii'klng,  tin1 
I’l'tii'h'  will  nil Inwiti'ly  Nlnrt  Inmk  In  llm  right  dlreotlmi, 
overtake  thr  tnrgi't,  mill  gi'i  lulu  li'iul  |iu«l!lnn, 
Ncvi'i'tlmli'NN  It  iIui'n  imi  Ni'i'in  ni  l\'  i'Nit  I  tie  in  hm«<  nrgn- 
1 1  vo  vidiii’N  iif  tin1  Night  pnrmnelcr  Iteemiwe  uf  llm 
iIIn) lulling  i'lfi'i'1  mi  dm  gummr,  mill  nlwo  Imi'miNi' 
llm  weighting  (mm'  "Weighted  Averagea”)  wuiild 
idtrlhiite  inure  lni|inrlmiei'  In  uhl  vnhmn  Ihmi  In  the 
imw  nni'N. 


Uut.AV  IS  I.ISAll  (  'UMI'I  TATIIIS' 

Pirn  cut  in|i  lei'ii  t|i  iiin  nf  tlm  |irevimiN  pninguipliM  were 
I  mi  mi  'i  I  mi  tlm  lntei'|ir«*tiit  Ion  uf  m  p  m  t  Inn  (I)  in  a 
Nniniillilllg  nr  dmiii'lng  elreni!  Such  NVwteiHM  limy 
hIn*'  he  llinitglil  nf  iin  r,fpmwn/hd  ilvloi/  elreultN  hi  the 
m’iinc  illweiisNeil  heluw,  If  et |i m linn  ( 1 1  In  ill Ifeieii ti¬ 
nted  mnl  If  llm  Nci'iilnl  derlvulivi'  nf  \  In  negleeled, 
iilte  iihluiliN  the  i  >\ |  in  -nim!  ,  n  i 


A  ^  /„,« 


>1 

ill 


(/,.,»» )  , 


tilt 


in  mi  n  |  *|  n  ns  1 1  im  |  inn  In  A,  Admitting  dint  i  nicking 
In  enrreet,  ei|iiiilliili  (II)  nIiiiwn  I  Iiii  I  the  elmill  crrw  ill 
iiruihtelng  the  enrreet  delleetlun  l„,o  (iiiiIi'nn  /,„  mnl  « 
me  eniiNtiint  In  time),  lienntlng  the  enrreet  lend  h\ 
An,  ei|iintlnn  (II)  In  rewrllleii  In  llm  fnrin 


A  Iiiin  n/i/iriM'iwn/e///  tlm  viilim  that  A,„  the  enrreet 
lend,  hml  id  n  time  a/„,  In  the  pirnf.  (Cut  til  «•*  af„,,) 
III  thin  Nt'iiNe  the  Nighl'w  ntiNWer  In  iiIw/ivn  Ntnle  mnl 
ImeiinmH  Ntnlnr  iin  k  In  Ineri'iiHeii,  'rim  tli’lny  iiihnI  he 
nere|iled  If  Niiiuiilhitig  U  desired 

I'Vuiii  une  imlnt  nf  view,  tlm  delny  In  dcNlmldr. 


fkf 


Hnppn«c  that  liwteiul  nf  tm  we  imp  (lie  time  nf  Hlght, 
uver  prewent  rttngn  l,„  Then,  referring  to  Mention 
2.2.A,  <hk*  rei'itll«  tlmt  mi  tlm  Inemniiig  leg  nf  n  target 
run rae  is  tun  large  a  klimmade  dcllimtloii,  If  n 

delay  eirenlf  In  IInimI,  the  enrreet  Inti  It  midte.w  t,n 
An  *»  /,*i>  In  In  the  right  illreelluii,  if  a  in  /mm'h'ra,  Nlliee 
an  the  llieiiinltig  leg  leml  Iw  InereitHlng,  A  Nlndlar 
enm|mtiNiitnry  effect  In  rxercim’d  mi  the  uiitguhig  leg. 
lit  wplle  nf  iIiIn  elTeet,  It  In  rmw  genernlly  euiieeded 
dial  a  Nlgld  nIiiiiiIiI  lie  ealllirated,  l,e.,  that  /„,  Nlnmld 
lie  ehiwen  tu  give  IicnI  ivniiIIn  over  a  given  Net  nf 
tiielleal  elri'iiniNlaimeN,  lienee  IhU  helmvlur  caiinut 
he  euiiNtriied  iin  fa  vurllig  nnl.V  NlgldN  fur  whleli  a  >1) 
I'm'  uni/  ea/ae  of  n,  ntlihmlinn  nut  nlloir  for  i/e/n//, 
(Him-  Meet  Inn  fi.M.fi, ) 

The  esnel  nuIiiIIuii  uf  the  type  ei|italluii  (II)  In 
needed  If  delay  In  to  lie  iletennined  preelNi'ly,  I'nr 
ei|iiallim  (I),  IIiIn  exaet  nuIiiiIiiii  In’1 


A  «  I lull  -  i il„,  (/„, n  I 

ill 


+  e 


"[ 


An  Imi, n, I  -f'  III  mil  llbiltl  II 

ill 


+  I1.' is), 


where  s  *•  I  ill  and  Hit)  In  the  errur  term, 

•’ii 

<  io m  t;  III  Sunn  Caiiamutmi 


IT) 


I'Vuiii  the  iIInciinnIiHi  uf  this  Neetluli,  It  In  evident 
tlini  there  In  nu  riilluaal  way  In  which  an  uplhmini 
value  Inr  a  can  lie  Hcleeled,  There  are  I'nelorw  wliieli 
want  a  Mina II  anil  ntlmra  whleli  would  prefer  ll  In  lie 
large  If  we  IIimI  agree  In  iinc  a  powilivc  value  fur  a 
In  i  mi  lor  In  have  uperallunal  winhlliiv  mnl  proper 
weighting  uf  the  newest  dot n,  then  llm  fneliii'H  In¬ 
volved  eim  lie  wMiiimmiitcd  iin  I'iiIIuwn.  h'lir  large  n, 
Niam idling  mid  damping  are  Imlter,  Init ,  mi  die  utlmr 
hand,  perhapN  luu  nuieli  w«|ghl  U  iiNHlgned  In  |iiinI 
lull  »ri  on  I  ii  >i  i .  \n  a  hii'icnsi'N,  traiiNlenlN  ( In  Im«<  lend**; 
lake  lunger  In  decay,  mid  die  delay  In  ladling  mil 
eurreel  delleedun  In  grenler.  Them'  lire  lint  di'Nlnihle 
fealnrcN,  tin  dm  utlmr  liund,  iin  a  inereiiNeN,  Hie 
miiplilh'iiliuii  uf  gnu  umtioii  In  derreHM'd  which  In 
pruhiihly  deNliahle.  \u  engliieerhig  ennipruiiilNi' 
huinI  he  mild"  The  wight*  uf  lliiw  eliapler  iinc 
I  iiii  ms;:1!  era  with  vnliU'N  Noinewlmre  In  the  range  11.2 
In  li  ft. 

Hinee  l,„  haw  iiii  effect  piirnlleluig  I  lint  uf  a  fa  mid 

neeiit'  iin  ii  prmhiet  In  connection  with  dm  nhnve 
fnelui'N),  ||  In  reiiNuiiiihle  In  Niiggewl  that  mm  Nlnmld 
have  a  vary  with  range  InelTeel  eumpeHNallmm,  TIiIh 
nit OMt Ion  will  lie  dealt  with  litielly  In  ( Simpler  M, 
Mat  l!  In  wnrlli  eiuphimlKing  now  tlmt  upemtlmml 
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».KAI»  OOMIMTINli  MKJIITN 


tMTorg  ol  simple  man  mi  I  ranging  and  t  moUiuit  uatinliy 
OVOI'lldWCf  *l|e|l  IHfiiK'limiltw,  If  in  mil  it  her  filWt  In 
M»'t  nf  lm | ii‘i t v i  11m  liifMif a  liel'ore  rchnlng  tin*  itiinii 
eompiiling  meeliiudmn, 

Aiukh  Thai 'ki  no 

lli'l’mn  iiaiviiiK  tlilw  t>ar> li  iilai-  iIIhihimmIoii  of  the 
Imwli-  night  ripml Inn,  ji  may  lie  iipproprlnfi'  In  allow 
I*'*"'  I*  l<*  enmiorleil  In  trucking  iiiin'IiiiiiIhiiim,*  There 
im«  throe  pil i il  l | ih I  methniln  of  irinf |>iK  Iinitilli*l„n- 
unit  inn  to  the  unit  Ion  of  a  nun,  Them*  ure(l)  iiii'vvl 
tmvkniff  in  \v  I  if  i*|  ■  f  In*  uiifclc  y  through  which  the  gnu 

*H . .  Ih  ill  reel  lyprni ini'll. Mini  m difmigiilurillH- 

pliieenieiit  n  of  I  lu>  1  in  in  |  Id  in  i'h  (y  *  /'Ji  ri'liH'ilii 
inu'kiim  I"  "hieli  (In'  velnelty  with  which  f  in*  khih*  will 
mi ivc  Ih  | ii« t| h h  i  I i h in  |  to  llii'  nhgiiinr  < I in| linci'iiH'ii  i  of 
flu1  Iiiiim  I  Id  in  i>  iy  *»  rmh  mill  (Hi  link'll  li'iii'kiiifi  In 
«  lilt'll  ii  ilii*|iliii'i>iiii>iif  of  flie  I  in  in  II*  >1  in  |-m  hIiiiiiIIiiiii'- 
"»l'**lv  illnplneca  flie  uuiih  mill  given  ilu'in  a  velocity 
(>  *•  i’i m  I  <\n ).  I’yiiu  2  Ih  fen IIki'i I  liy  a  molin' 
nlniHi'  h  j  it't'i  I  i|('|iimii|m  iiii  1 1  |m|  i|  ii  ('ciiii'f  1 1  of  flic  null  nil 
I  ,V|»*  It  I  ill | il Ii’h  mi  i'\|ioiii'iif  la  I  Hiiioof  liiun  iiii'i'liaiiiHin, 
hIiii'c  uiih  c.j  1  mill  i'i  iliu  roKfii'dlvi'  i « 1 1  a  Ii  iui  k  >h  of  a 
IKeii  L  atnl  n  dnlit  ci him! mil  a,  flic  tli**ory  of  tlm 
iililcil  tracking  i*i  1 1  in  I  ion  fo|  low  h  i  Ini  i  of  i>i|iiiifion  (I), 
Invent Ikh l Iiiiim  of  aided  trucking  ,M  liavi'  generally 
nIuhmi  I IiiiI  alili'il  i racking  given  Im>i l«>i'  rcNiilf m  limn 
tin  flu1  otliiM' ivjii'H.  However,  in  1 1 1|  if  in  in  in  vului'  I'of 
t'i  i'»,  I  n.,  flic  analogue  of  nlm,  Ihih  liccii  arrived  af. 

I  ill'll'  Ih  II f  f  Ic  In  ill. di  11(0 1 Id i  i'i >hi ill h  Ini'  va  1 1 n 'h  a  If  1 1 In 
flic  in hkc  m,2  to  o  n 

I'ln*  <  dill hi'ii i Ion  ( loMCf'iii 

ll  Iiiih  liccii  emphunixod  flint  tliu  fit . . 

multiplier,  Ih  to  lie  elioHi'ii  In  nptiiuUc  flie  f ii'ifi itii i- 
iiiii'e  ol  (lie  Night  iivei'  miiihc  cIiojm  of  tat'lleal  ohriioi 
mIhih'I'h,  Iii  IlhiMl rule  lliln  philnnophy,  ei iiihI* Iit  the 
Mel  (il  Inrgol  | in  1 1 1 h*  a  lileli  hi'iimIIiIv  reMeioltle  |mi'e 
| ii i I'mi 1 1 f  eiu  vi'M.  |  lie  lielleelioii  to  lake  ag/tiiial  a 
I'HI't'  IMIlHlill  Ih  Ii,\  ei  (iiiil  Ion  (|)  of  ( 'lia|ilt«r  I 

\  ~  Am  nlli  f 

Ci, 


<  'tiHMd|iit'iil|y,  If  t,„  ain't'  . . lie  value 


i*»ri'i*cf  nlmolllig  iiguiual  imi'Miill  i",||'vd*  amilil  OCI’III'. 


I  Ioaever  I  IiIh  almplc  procedure  would  not,  eliminate 
llie  lime  lag  In  Innd  computation  tmr  would  It  allow 
Ini'  (lie  fuel  Hull  (lie  ltd  mil  alglil  will  auhtmet  from 
die  klnemude  lead  dial  It  produce*,  a  lateral  halHaUc 
nlluwunco  0,  To  take  llieae  two  fad, a  Into  uceotinfc 
hIiuI  wllli  the  eomplela  bnalc  <M|iial-lon 

nlm\  4  A  »«  lr„u  —  0,  (H) 

whore  (In*  lateral  ImlliHlIe  i  Idled  Ion  0  In  ml  veil  ap¬ 
proximately,  following t'i|iiadtm  (I  I )  of  f’liapter  I,  liy 

0  «•  rr iiiui  hIii  y, 

where  r  In  ii  coiiMtnnt  mill  r  Ih  preacut  mage  Now 
Holve  i>«| mil  itii!  (N)  I'or  lining  Hie  correct.  Mill  lend 
A  I'or  ii  | iiiit*  imi'Hiiil  I'orve  liiHlead  of  A,  Then 


,*  i  p 

it  ~  a  A 


(0) 


'IIiIh  "forcing1'  of  die  different lul  oipiudini  iiieunH 
dial  the  nighl'a  Inlnt  uli'wlf/  hIiiIi1  mi  d  ill  It  in  kiiihI  ml  ye 
(lie  eorred  ilelleelloii  iiguliim  n  |aire  f iiii'hi i i I  enrve. 
I  lie  lO'iieetliii'i' 41  Ih  ei|iih  alent  to  acli'dlng  aiioli 
dial  the  mIkIii'h  limned  klai'iiialli'  lii'lledlon  alien 
eoiiihliidl  wllli  die  ajghl'a  I  hi  I II  m|  in  dolled  lint,  wliul 
ever  il  him y  lie,  will  yield  die  eorred  lead  A. 

To  reiliiee  ei|Oiillon  (If)  In  u  form  Hidlalile  for  col- 
eillnlloli,  the  cxprcaaiiillN 

I'll  h|||  If, 

A'ltl'a  I'OH  n  ri 

I 

n, 

hIii  y  «*  ml  ii  n  -f  eon  a 
limy  lie  iimoiI  'i’lieii  /,„  in  given  liy 
Ah  f  iT/ifi'i  4  A  if,  com  a) 

mm 

*'  l*n  tlh‘ I,l'n  If 


ro 


\ 


(n  ™  r ) , 


fill) 


I  lie  iieliini  hIkIiI  ihim'IiiiiiImiiih  have  lieeu  kepi 
Mlmple  liv  iihIiik  a  elieidl  dial  eoiil|MlleH  l„,  dm  a 
fiMii'l Inn  of  p ri 'hiuiI  raiiite  r,  and  alllliale  (relative  all 
'leiiHlIy  ei  only  lienee  die  vni'lalloii  of  eipindoii 
(III)  ailli  tni'ffel  and  nmniil  HpeedH,  ami  with  angle 
olf  u  are  mil  liiken  iulo  iieeoiuil,  In  |iiirlleidni', 
I'M'iiidon  (III)  |m  di'llnilely  iiHVioini'Irle  with  reHtieel 
to  the  I  lean  i  (a  ■>  (H)ni  There  are  three  hoiu'iuw  of 
die  iiMyuimi'lry  (I)  A'„,  when  given  If h  exael  value 
from  oi|initlon  ( I )  ol  I  'hapler  I,  la  Hi'eii  In  lie  larger  III 
die  forwniil  hendaphere  heeaido  //  and  t/  are  hotli 
Hinallei'lheeaiiHe  of  the  diui'ler  folure  range), (2)hIii  y 
>  hIii  ii  hi  the  forwiird  lieiiilHpliere  and  ho  tlm  (mil 
alloamiei.  la  grenler  hir  a  given  angle  a  In  the  forwurtl 
heuiiaplinre  I  Inin  II  la  for  l  hat  angle  at  t  he  rear  (In 
the  real'  liemlapheiv  alii  y  <  aln  a),  ami  (It)  ahum  A 


<  'ONKIDUN'I’IAI. 
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m 


InemnseH  In  f  lic  forward  hemlMpImre  (A  doeronwH  In 
tic  roar  hemisphere),  Hi"  time  lag  doen  nut  net  In 
emuderlmlHnce  tin*  flrnt  two  I'uelmr*,  In  sum,  tho 
totul  loud  put  out  liy  tin*  night  if* 

n  ~  (mi f  “  lt(m  ^  ■— 

If  tins  <«  lined  In  tlnil  appropriate  to  Hie  i  ion  lit 
(a  -  (HP), 


(I)  Under perfect eidllimliun  In  tlio moiimc* i#f 
(10),  Inuv  dnen  the  night  perl'iimi  against  target,  pntlin 
uHior  Hum  lliuntt  nnnntneil  in  l.ltn  eidllimlion,  e.g,, 
reel  llhieitr  pittlm?  (2)  Under  iin  iietuul  averaged  rail* 
hmtiiiti,  Imw  linen  (lie  night  perform  against  tlm 
r  oilmen  of  Hie  eidihmtloii? 

Agalnal  n  at  might -line  eon  me 

win  A  **  "  nlii  ir  —  t/1  nln  « 

I'm  e„ 

liy  i** 1 1 in t loll  (I)  of  Cluipler  2,  mid 


I  lien  in  the  forward  liemlnpliere  /„,<)  in  ton  nitudl,  mid 
Inifli  the  delay  tei'iu  mid  t lie  Indlintie  term  niililniel 
nlill  inure.  The  night  iiiiilerlendn,  In  Hie  rear  lieinl* 
sphere  tm> t  In  tun  lag,  the  delay  term  nddn  nomewliiit 
tin  ire  and  the  hallinHe  lerni  ilnen  not  atihtrnc!  an 
litneli  an  l!  nliiinld  The  night  overleadn, 

In  npite  of  the  iirgiimeiitn  (nr  making  vary  with 
it,  i‘r,  mill  r„  on  well  an  w  ith  r  mid  a  i  nlhiinianiii 
fur  night  rethieioeiil  niiml  keep  in  mind  Ilia!  nneli 
elal nil'll tloti  may  again  lie  poilillenn  In  view  of  Hie 
eiTorn  In  mipplylng  Input s,  and  may  give  e.seellent 
rennlln  for  the  npeeial  elann  of  nirven  anniinted  In  the 
i*h  III  tin  t  lull  lad  ileleriornle  on  other  typen  el'  target 
pntlin,  A  niiggented  eidlhralliiii  41  (lining  nvorngew 
over  i'u,  i'f,  and  it)  In,  lor  n  **  tt,  Id,  API  MN  aninnnii* 
Hun  (a, i  —  2M7H,  <'n  «■  tt  t  lit),  and  Indlintie  detleelhni 
einintaid  h  e  -  tt,IK125; 

a  a  It  tt  0  ll  ( taindreit*  of  ynnln) 

f»  a  It.UtMtS  II, Inttll  ll, tint  It. tllll  l*ci'oiid»  |M*c  handled* 

iif  ynnln  i 

Figure  I  given  more  detailn  of  the  ealilirnlioii 

•"» . «'t . f»  (Hum*  II  Krroi’H  in  (H'licrul 

The  (  limn  If  eiTorn  of  a  lire  control  nynteni  were 
dellneil  in  Mention  I, A.  I  an  tlinne  arinlng  when  a  night 
eniintrueled  esnelly  in  aeeordiinee  with  dcnlgn  in 
operated  perleelly  with  no  dinpernlon.  To  annenn 
thene  eiTorn  iinnlytii'idly  lor  a  given  type  of  eoiit'ne, 
the  eiillhriilloii  III  the  nenne  of  Meet  Inti  A,!I,A  niiml  he 
known  Marly  enthuaten'1  of  < 'lann  li  errom  were 
made  under  the  nnnuiuplhiti  Hint  wan  the  aetual 
lime  of  (light  over  preneut  range  an  ohlalned  from 
halllnlle  I iililr*.  From  the  rurroul  point  of  view  it 
In  more  Hlgullleant  hi  proceed  In  two  dimctloim. 

*'  a  *“  tl IMtlt  in  (lie  iialnal  Value  If  Hie  future  liiage  were  r 
f eolllMO'  O.Atl  API  MM  aiamiiallloii).  Tim  ana  of  a  »  IMNKIA 
taken  tut  it  ai'i'omil  Hie  fuel  dial  faline  range  ntioahl  tie  lined 
In  annenntiig  lialllnlla  iMIi'clImi,  anil  lliln  magi' In  nlaait  Mi  per 
Hint  ef  a  fur  iiaoaill  eiirven,* 


i‘it  —  i'f/  mill  it  —  i'f  nln  it 

h,V  i*«|i>»i  I  Inn  (U  )  of  < 'liapler  2.  One  eould  gel  Hie 
< i|il iiniilii  eidilimlloii  agallint  nfrm(//i/*//ne  eniirnen  liy 
innerlhig  thene  evprennloim  In  eipiiiliiill  (i>),  Alter* 


i‘  no  in  I  •  ‘it lilii  til  Inn  uf  a  lend  menial  log  algla  w loot 
M*ei|  iigiilii*!  lailKllil  eai  ven,  ( P|i|ier  fioallyi  n  »ll  | 
lower  family  n-INir, i 


nnllvely,  an  repreneiil alive  of  dlreet  ealeiilalhill,  eon* 
alder  a  npeelnl  eane  of  niippol  l  lire  agnliinl  a  reellllneni 
company  fruiil  at  lack  (Meelioii  I.H.I),  Unlug  oiie 
hundred  yariln  ami  nceoiidn  an  nulla,  ehiame  e„  **>  II, M, 
e-a  ~  2.2,  it  «*  I  All",  (»  **  HIT*,  a  «  d,  p  »  u,A,  API 
MH  iiiiiMiuiiil Iimi.  A  gnnd  value  fur  i/  In  MIIHil,  no 
I  hat  Hie  eorreel  lohtl  lead  A  *k  Ml  uilllirmlliuin,  For 
•  hene  condition*  a  night  eiillhriilcd  perleelly  ngnlnat 
pure  purntill  (A'a  «  U.Mil)  would  line  f,„  «  It, AMP  nee, 
Mlnee  Hie  Iraeklng  rale  la  il  *  I  III, 7  mllllradiiMin  per 
neeiaid,  the  kltieiuidle  lead  prudiieed  In  «huut  IIM 


roNFIDMN'riAl, 


& 


I,MI>  nOMITI'INI)  MMJHTH 


(ill 

milliradlnnH,  In  thin  ouno  ! in*  l»al!l«tlc  deflection  will  vornionN  of  the  K-.’i  nod  K-12  roNpeeflvely,  Thu  K-0 


lie  wiihil  hy  lltt'  nighl,  ll  !»  (i  »  .1  inilliriuliium, 
However,  alnec  I  ho  loud  Ih  InerenHlng,  I  ho  offool  of 
lug  Ih  In  deereum*  the  delloeilnu,  Thin  conlrilmliun 
[epilation  (It)]  Ih uhoiil  «»  M  iiillii- 

militutH,  The  total  night  error  in,  therelmv,  IH 
inllilmdliinN,  Although  thin  Ih  ii  hoiIouh  IiIun  It  miiihI 
ho  kept  In  mind  t lint  dUpei'nlon,  hi|iiil  error*,  and 
Claw*  A  errorr  nmy  wllll  loud  to  hlln,  At  leant  I  ho  do- 
Hoot  loti  Ih  on  tho  right  nlilo  of  the  target.  (An  n- 
npeed  nlgld,  wliloli  onti  iiIho  lie  regarded  iih  ralihrnted 
I’or  (inro  pniHiiit  oiiivc'h,  would  give,  if  uned  with 
|il|i|M'i'oii  t ingot,  ii  doflootion  of  ,17  iidllii'iidluiiN  to  tho 


I'llll  Ml  ,y  ttnll  r  ll«0  Itllf’gOll")', 


11*111'  of  the  target  olid  ho  would  ooiiinilt  a  I'Iiihm  It 
error  of  I  IH  ioIIIIomIIioih,  1 

ll  In  appropriate  III  I'oiolllijo  tho  lOHoiiHnioll  of 
( ’loHH  ll  OITOI'h  III  tllOHO  nOl'tlllllM  I'llOITOllllg  jllll't  loilllll1 

hIkIiIh. 

5,1  MKCHtNICAI.  M'AII 

HHillTS 

5,  t,  I  Tj  ItfH 

Tho  mdlitiilioiiH  of  tho  theory  of  Hoot  loti  5,M  that 
will  I m  I'oiiHldorod  lioii'  nro  culled  mt'i'liniiinil  nilo 
nlglilH  The  ootiijMil lug  iiiooIiiiIiIhiii  coiimIhIh  onllroly 
of  inoolaililoiil  i'IoiiioiiIh  iih  o|i|M)hoiI  to  olootrioul  or 
gyroHOojile  iiiiIIh,  TIioho  hIkIiIh  form  Ilia  Mperry 
HorioHi  K»!i,  K*4,  K«0,  W-12,  Ivltl,  Tho  pairing*  are 
imtiirul  hIiioo  tho  K-l  and  K-lti  uro  lower  ludl  turret 


in  a  layout  redonlgn  of  the  K-8  to  make  a  Martin 
turret  liiHialliition  iiomhIIiIo,  All  tho  otlior  iiiihIoIh  go 
in  Hperry  turret*.  Although  tho  K-12  in  hIho  an  lin- 
provH  vornion  of  tho  pilot  niodol  K-8,  moat  of  tho 
ooipIiuhIm  of  thin  Noolion  wlli  ho  placed  oil  tho  K-8, 
mIiioo  (IiIh  night  lain  roeolvod  more  Htndy,  All  mndnln 
arc  two  ooinpoiionl  nlghtH  with  Hoparutc  niiwloi tt Ihiuh 
to  conipuio  tho  total  load  laterally  and  vertically, 

5,4,2  Till*  K-i  Sight 

A  general  knowledge  of  the  ioooIiiiiiIhiu  In  imoful 
Tlll'i  IUl,l,-<  'Aill-I  I  MTKOIIA’I'OU 

The  oHHontial  element  Ih  the  tmll-riifir  odef/re/cr 
llhint  rated  in  l''iguro  A.  The  h|m>oiI  of  a  point  on  the 
dink  at  the  cage  In  Thin  Hpi»ed  i«  Imnninltted  to 
the  roller  which  oiiihI  have  a  npeed  l»i> .  lienee 

*  “  7  ('''’  mf  l 

and  the  output  lingular  velocity  </>  Ih  iiroportioiml  to 
the  Input  diHplaeemeiil  c. 

Mia'iMvo  Ai,  I’.m'ovumiai,  Hmooiiiino 
The  huil-eogo  Integrator  eail  readily  lie  tailde  Into 
no  exponential  Hinoothllig  circuit,1'1  In  the  Holaunutie 


■ 


MofiiK  a.  Mci'hiuilcnl  impiiiH'iatal  HiauutlaiiR  clrcalt, 


of  |''|gure  ll  a  dlltereotlal  (nee  "Hall-Cage  Integrator" 
ahove)  Iiiih  heen  added.  'I'lia  rotatloiial  Input*  are 
the  elevation  h'u  nod  roller  angle  Through  a 
proper  choice  of  gear  ration,  the  differential  adilw  the 
I  wo  lapulH  algelirtileally  in  a  drain* I  proportion, 


Up 


CONKIIWNTIAL 
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Thun 

Then 


Jin  *■  +  «  , 


Hu  "•  0  +  vi  , 


I,  M  .  < 

Jill  *** 

b 


If  I  MU’  Illkt'M  "  {’  «*  i  "f  II  mill  VIU'il'N  till’  llllfk  N|M'«fl  HII 
Unit  it/b  •*  I  l„„  I  lii'ii,  eullhig  llin  nick  output  t,  I  lie 
vet-tleni  klni’iimllc  Icml  Ac,  one  hit* 


(I  -f  'H  Ac  -f  Ac  “  ku  > 

•Hi 

TIiIh  in  the  ii»i|iilreil  i'i|iml  imi,  In  the  vert  leu  I  cmn- 
IJoiienl,  eotineetliiii;  gun  rule  In  ilellecllnii, 

Another  lMill-cii(te  iiili'Kiul III-  In  iinci I  In  iiiukc  the 
(link  M|ieei|  vnt-y  iin  I  lie  i-eel|imcnl  of  the  linie-ul-Ulglil 


aiiK  or  (crvAfioH 

SMOOTHING  ClNCyiT 


mull Ipllei-  TIiIn  In  nIhumi  In  I'lgm-e  7  I  n  till*  ii|i|i||  • 
eiiliun,  Hi*'  liiill-cHuc  milt  In  iini'iI  only  iin  h  linvirn  In 
IrniiNl’iirni  n  illN|i|iicenieni  Inin  un  nnitulnr  velocity. 
Il  In  evlilent  llini  iin  the  imigc  a | »| m melicH  Kern,  I 
M|i|iTniii’licN  1 1 1 1  In  it  y .  Hence  lie-  iiiocIiiiiiInim  iiiiinI 
i)  1  »n in li >n  It «  eoni) ml nl Inn  nt  n  |iniiit  Inc  ohh-h  the 
Hpeeil  uniiltl  lie  eSjeeHNlve,'* 

La-i'kiiai,  ( ’lin  t  n 

Nenc  I  he  xeiilth,  n  nIiiiiII  elninge  In  linnet  |  ihhII  i<  <i> 
leiuli*  In  ii  huge  elninge  In  Hie  .raimiil h  nl  the  Imgel 
lienee  liitecnl  ilelieellnn  cnlliec  I  Inin  imlnnitli  tlellec 

'Tin*  geiir  rut  ion  m-e  cIiuncii  mu  llnil  n  «*  11.93  fin-  the  K4t 
Hglil 

-1  In  Hie  K’ll,  (lie  lltnil lio<  range  fur  o<*eiii'nli*  e< n it t e il ol |. m 
l»  91  HI  yi|  Melmv  I  Inn  range,  ti  N|ieei|  (iiiiTeH|ioinf|ii|t  In  ii 
mmrlelil  vnllle  l,„  >«  11.2  ncc  In  o|»eritllve 


t, Inn  In  eninpiheil.  Thin  Ih  the  iloflcetlon  In  il  |ili«iu 
wlnwe  nni-niiil  In  porpotulleiiltti-  to  (lie  gnu  urn!  which 
lien  In  ii  verlicul  pliinn  roiilitlnllig  Ihe  gun.  The 
nppmprlnle  gun  mte  In,  therefore,  An  eon  A’,/,  nIucti 
t  IiIn  In  I  lie  loiigiiitiiile  of  Ihe  t*o|  nl  iutini  vector  illmeted 
iilotig  the  iini'linil  JiinI  ihmci-iboil,  The  Igleml  nlmiilt 
will  hei'iinipllenleil  hy  Hie  ceipilreil  iinilHplleiiHuti  hy 
con  h'n<  Aeeni'illiiK  In  Figure  8,  ill  In  mull  Iplienl  loll 


NOLLM 


It*. 


BirrtWNTIAL 


♦  4 


HACK  and 
i’INlON 


>1 


DIM 


I-'mii  in  H,  I. Mli-ral  niuiioiIiImk  elceell 


In  nehicveil  li,v  yel  unnlhei-  hnli-enge  Inlegnilor  mill 
u  null.  The  mitpnt  nl'  tin*  IIcnI  i-nller  In 

I)  “  ,1  u  cim  Un, 
mill  ill  the  illlTei-enlliil 

l>  **  ( I  f-  o)A/  f  0 

/>  •»  1 1  -f  ii  I A  i,  f-  A  /.  , 

*  Ml 

nii  llml 

1 1  )  ii ) A  i.  I  A  i  «•  ,/  (min  Iin  , 

'  Hi 

t '« iM i'l.KTi:  t  'IIIITI  I- 

hiiteinl  mul  verlienl  hnlllNlleN,  (h  mnl  ,  life  In  lie 
ennihlneil  ullli  A ;  mnl  Ai  JiinI  liej'nie  Ihe  Inlerul  mill 
viTtlenl  init'i'ni'N  u|  the  npllenl  nvnIciii  lire  rnliileil, 
'rwiMlinieiiNlnmil  emiiN  nre  iinciI  In  pul  In  IiiiIIImIIcm, 
(Hueli  enniN  me  liTegnlm-  eyllmlei'N.  Hy  minting  niii'Ii 
ii  t'yllinlei',  mie  Input  In  uncle,  mul  hy  illNpIm'Ing  n 
follower  nlniiK  II  il  Neeoinl  Input  In  poNNllile.)  MiiIIInIIi' 
ih-lleel l< iiin  i h - 1 1 in lly  ilepciul  nil  rmige,  nr.liinilli,  eh'« 
viitlun,  nit  It  mil',  nml  immnt  veluelly,  With  two* 

•  liint'iiNinniil  emiiN nvertige  viiliii'N  for  eerluln  vm-liihli'N 
iiiiinI  lie  Neleeleil,"  The  Intei-iil  ilelleetlotl  (It  In  (liken 

-  l-’nr  Hie  U-H,  Hie  nverage  vi'hie*  iiwiI  fur  me  oil ItiiHn 
-  IN, non  fi  mnl  IAS  m  3(h)  ni|iH ;  fm-  fit-,  on  tivcmge  range 
of  MOO  yil  In  iinci  1 


CONKII'IMNTIAI. 
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MUM  COMMI  T! N<;  BIUIITS 


to  depend  only  on  nutgi!  nod  Am  mid  flr  to  dnpotul 
on  Hu  mid  /t«,  Tin*  complete  wight  Hclmumilt*  In 
formed  In  Figure  ft. 

fHAMtO  TAHStr  l  ATI  A  At 


Ki<ii  «n  o.  K*;<  Might  « if  H|x*n> 

I \  v|t ♦Hf'iijM'  <  Min|nu(y, ) 


n.i.ii  Till*  K-12  Slicltl 

Meelmiih'idiy,  I  hi*  K  12  mIhIiI  dHTei*  i'mIIii’I'  null- 
t'lilly  from  tin*  K-Jf.  Only  two  IihII-i'iiui*  lnli*uriitoi'N 
hit*  ii'M'il  no  t Im l  tin*  klnoiiui! It*  ili'llivlioii  oiitfinlN  me 
hi  Im  it  to  I  h  i  f,„,  Hintllnrly  l  In*  out  imiIh  i.f  tin*  liiillUt  it* 
i*nniN  me  (h  In,  Mini  Hi  A  lliiknite  h«I«Ii*v  cnmlihicM 
khmmnth'  mnl  I oilli>it l<*  il<*lli*i*t loim,  mid  limn  l„  In 
multiplied  mil  liy  ii  IlnkiiHi'  multiplier  (which  |w  n 
li'vcl  with  ii  viii'iidili*  fulcrum  iMiMilloni'il  niTordiuK  to 
Im  I,  l/liiknui'N  iiI.no  |  H'Vinlt  tin*  I  imIIImI  ii*  i  l'*ll«*i*l  ii  m  to 
ili*|ii*nil  mi  nil  tlvi*  vimUIiIcn  rntlii>r  I  Inin  I  wo,  <  ‘nlllier 
1 1  fit)  Ai’l  MH  tinlllnt  Ii'm  lire  imciI,  n  In  rlimmi'il  from 
t)  22  In  11,117,  mnl  It  In  |ihnmIIiIi*  to  wwlleh  front  n  lm 
appropriate  In  Hli'nlght-llne  I'liitriton  to  D  IM)!,,,  which 
IIIn  |itito*iii t  I'lirvcN,  In  tin*  mirror  NyNleiu  tin*  Intend 
ili'lli'i'tloii  In  tnknn  IIinI,  mid  tin*  mirror*  nn*  per* 
|ii’nilli*iilnr  rather  limn  |mmll<*l  iin  In  tin*  K*!l,  Im* 
proving  tin*  (tynloin  imrformiinnc  liy  nilulmlxing  tin* 
error  dm*  to  ftnn  roll,  (Men  Heel  Ion  2,1,11,)  Itnnge  I* 


mint  rolled  liy  n  Imtton  operated  motor,  giving 
voloi'lly  ranging  Imdeml  of  tin*  K-.1  direct  ranging 
(nci*  "Aided  Trucking"  In  Hoot  Ion  5, .1,1),  Tim  reticle 
i'oiimInIn  of  12  dot-*  (liiHtmd  of  n  gate  iin  In  t  in*  K*3). 
Input  IiUoi-vuIm  nr*M  range  21 X I  to  ',500  yd;  target 
dlnmiiMlon  ,10  to  110  ft ;  IAS  100  in  150  mpli ;  altitude 
0  to  111,1X10  I'tj  Km*  rate*  up  to  250  mllllradlitn*  per 
hoc;  elevation  up  to  K5V 

8.M  Complete  Slight  KqtmtioiiM 
mnl  Origin  of  China  It  Krrorn 

Tin*  ( ‘Iiinn  II  erroix  (Meet  loti  1,5,4)  of  no  ai'tind 
nIkIi!  nro  uttrlloitod  not  only  to  ii-ppriediimlliiiiN  In 

tin*  mlglmil  llmory  toil  iiIhm  . . .  iiiiuli*  In 

tin*  iIi'nIkii  nnd  to  tin*  pocnllniitli'N  of  nmclmnliintlon, 

( 'oiiNcipu'iitiy,  will*  u  mnl  nIkIo,  In  iIIni'iinnIiik  errin'* 
of  1 1 1  In  type  It  In  i'iinP  Hilary  to  nu,v  t  lint  tin*  Night 

1 11*1)11  vi'n  omm  IIv  . . itIIiik  lo  lilimprlnl  Npi'i'llli'nlloiiN, 

Kveryllilug  In  lo  Id*  IkcIiu l«*< I  except  tin*  NtntlNtli'id 
lent  ore*  of  dlNpoi'Nlon,  lunnofiii’tiiiltiK  nnd  function* 
iott  vnrlnlloiiN,  nnd  Input  error*, 

For  tin*  K-.'l  nIkIp  tin*  klimuintlc  doll(*i't|oiiN  urn 
I'oiiipnlnd  liy 

(I  I  O  Umhl  -I  hi.  «*  Im.'Su  f'ON  H,!  | 

(I  +•  ll)lmh |  4'  Xl  ***  Imliui 

liinl  I Iii'ni*  nrc  cuiiil iliH'il  llnciii'ly  with  tin*  IiuIIImIIi*. 
di'llci'llniiN  Hi  mnl  fi\  In  kIvi*  tin*  I ot id  tlelloi'lline* 

A  —  Hi>  Hi  "**  f'l’Nlli  I ,/  (•  I) 

Ac  *■  hi  —■  Hit  (I  i  **  /*'  nIii  hit  con  ,  I  a  (12) 

—  U  1*1  IN  Hu  —  II, 

wlii'ii'  I',  /*',  nnd  f*  kit*  I'ouNtuiit  In  wnrkliiK  "lilt 
t Iii'ni*  i*i|Uiit Ihiin  tlm  lilui'pl'llit  f„ ,,  fli ,  mill  £#,  nrc  to  lie 
liNcd,  To  ('oi(ipli*li*  tin*  di'Ni'i'lptlnu  of  tin*  nIkIi!  tin* 
ii| )|iro\i uin I <>  mirror  vt/tinl'im*  Tt  lire 

A  a  m  ,!  4"  A  i  Nci*  ii  f-  M  i. 

Hu  *■  4  A  i  4-  M r, 

will'll* 

A/,  —  -nci*  A  /At 
M\  -  I  -  2Ai )  inn  H, 

TIicnc  de*rrllie  Iiiiw  llu*  oplli'iil  *y*tem  icIiiIcn  tin* 
mtlnoiUi  mill  clcviilloii  of  llu*  Night  line,  A  nnd  H,  to 
tin*  miKolnr  I'ourdlnnlnN  of  tlm  kiiii,  Au  mid  Hu. 

It  In  muillly  Nccn  limv  kitoi'n  other  limn  tin  we  of  tlm 
underlying  llmory  (Meetlmi  IS.  14, IP  lined  ar!*e  Tlm 
I'omplete  ei|imlhin«  for  kliieiiinlli*  delleethni nIioiiIiI 
emtlnln  no  udditlounl  term  on  llu*  right  of  •tptnthm 
till  In  nneimiil  for  gun  rail.  (Men  Mention  2,4,2.) 


(ONFIDIONTIAIi 
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Next,  ft,,  and  ftv  from  ciputdnn  (13)  ilu  not  mm  p,  v,„ 
h'u,  mi?)  p,  v,i,  r,  renpeotlvoly, ox  they  nlionlil,  Finally, 
in  regard  io  oipintloii  (ill),  l!ii'  error  terinn  Mi,  mnl 
M i  allow  hmv  llii'  mlmir  nyntcm  fall*  to  do  Itn  Job, 
And  dim*  run  nnhtlcr  phenomena  limn  ilmne,  Naur 
dm  iscMiiili,  lend  l«  changing  rapidly  from  one  min* 
ponerit  to  another,  and  dm  hnlllntlcn  iirr  nlno  Inter¬ 
changing,  Tim  him;  effect  of  dm  exponential  circuit  In 
t'lrlnmccd,  anil  npurionn  termn  ran  Im  Inlrodiirad  Into 
dm  load  cnmpntntloan.  Again,  Ilmi'o  are  /mMwirA'n 
from  tlm  Imillnlii'H  mid  from  dm  mirror  nvntcm,  To 
mnlcrntnnd  thin  pimminmmm,  nlmplify  dm  nhovo 
madmtiinllral  di'ni'rlplion  of  llm  night  In  road 

(I  4*  n)lmk  -f  X  ■»  l„,y  (mnoiidiiiiK) 

A  *»>  K  —  ft  (hnlllntlca) 
y  *■  it  +  A  T  M  (mirror). 

TIiok'  i’(|imlioiiH  limy  Im  combined  lo  yield 
Him A  t  A  «*  !„,i’  —  ft  ~~  (I  4-  n f  A/ 

Tim  hint  two  term*  tiro  llm  Imllintlr  mnl  mirror  feed* 
laii'kn  and  are,  of  I'oorno,  I'vlraiii'onn. 

Thi'  anal, vllrnl  annonniiii'iit  of  tlm  (‘lann  II  orrorn  of 
a  night  ili'li'rmhmn  llm  total  orrorn  that  llm  night 
tiliiki'N  attains!  nolim  olnnw  of  coil  men,  and  iloconilionon 
tlm  total  orror  into  tin  novoral  rannon,  Thin  |iroKriim 
lain  Imon  oarrli'd  on)  for  tlm  Iv-ii9'  Dim  may  lake  a 
rlann  of,  nay,  |iiirn  |aii'niilt  rorvon  for  which  the  eximl 
deflect  Inn  In  known  an  a  function  of  |ionlllon.  Tlm 
t  rnokliiK  riiti'n  mill  ratitti’n  arc  idno  known  an  fonctloiin 
of  piinlt loti .  Tlm  nynlom  (II),  (13),  and  (I'd  In  tlmn 
to  Im  nolvi'd  for  the  nli'inly  ntnlo  A/,  and  Ai ,  Mince 
t Im  nolnlloa  In  in  nyaiholic  tornin,  dm  Identity  of  eneli 
|  III  It  of  the  total  error  oim  ho  onlalillnhod,  Tim  proc* 
onn  In  lengthy  and  litvolvon  a  ni'ipmiioo  of  approxlnia* 
t  lulls  with  tlm  low  ill  dint  the  (Inn  I  Million  have  a 
prill m I ile  accuracy  of  .i  inllllriiiiiiiitn. 

In  nmiimnry  of  thin  com  pn  In  lion,  the  internl  error 
In  ttlven  hy 

(An  —  A  it)  eon  h'  •»  a  nln  A  4*  b  she  3.1 

4"  e  min  34  eon  .1 ,  III) 

wliero  ii,  h,  e  ail*  tint  eoiinlaiitn.  However  a  In  Inde¬ 
pendent  of  elevation,  and  l<  ami  e  are  Indepemlent  of 
tai'ttet  npeed,  The  vertical  error  in  given  hy 

li„  —  /(',*  «■  il  eon  ,1  4'  e  nitd  ,'l 

4- /  nln''1  ,1  eon  A  4  (/,  (I A) 

where  e,/,  and  (/  are  independent  of  tni’itot  npeed,  and 
e  and  f  a  re  Independent  of  raiitte. 

Tlm  lateral  error  limy  Im  Interpreted  an  fnllown. 
(I)  ii  nln  A  In  attributed  to  the  curvature  of  the  tar* 


ttct'n  path  It  eatmen  tlm  nlttiit  to  lead  it)  per  rent  in 
exeenn  when  Im  In  time  of  flight  over  pi  went  range; 
(2)  b  slit  34  In  due  to  gun  rnil,  or,  If  one  cloen  not 
wlnh  tn  eliiimmte  the  Imnle  oipndlnun  (II)  to  Include 
thin,  In  disc  to  the  mimtltahjllfy  of  tlm  mirror  ayntein | 
and  (3)  r  nln  2 A  vmA  reprenontn  t  he  combined  effect 
of  delay,  feedhnek,  and  intereliHiigo,  Hlmllurly,  tlm 
vertical  error  may  Im  Interpreted  an  fnllown,  (I)  d 
eon  A  In  attain  In  thin  component,  the  error  twining 
front  tlm  imttleet  of  tlm  curvature  effect  In  eltoonititt 
althoiitth  at  nlmrt  rtutgon  the  inenrreet  gravity 
drop  (hy  ei|tmtlnn  (12)  Independent  of  ranne)  In  no 
larttc  that  It  compcnnatcN  fur  thin  error;  (2)  r  nln9, -I  In 
eomponed  of  orrorn  dim  to  ttnn  roll,  delay,  I'oedhuek, 
and  interchange,'  (3)  llm  third  term  In  principally 
canned  h,v  t  lie  mirror  nyntem  and  it h  focillmckn;  ami 
(-1)  ii  repri'wulH  a  failure  to  make  ttfavlty  drop  vary 
with  rmiKc. 

Detailed  talmintloan  of  ( 'lann  M  orrorn  for  thin  night 
have  been  made,"  The  eelhilar  array  of  l''lttnre  It) 
In  llliintrallve  of  dm  romiltn. 


t  ee  no  III  t'liis*  It  niTorn  of  K*!l  iticolonl  iiare  piimall 
earven  (mllllratllinm). 


Vi  OYHOMCOl’it;  I, KM)  COMIM  IIND 
MlfillTH 

fl.it. i  (ioitorul  IS u I urit  of  tt  Single 
Gyro  Slff lit 

Mecliiiiiloal  lead  eompntliitt  night*  are  enncndally 
ciMitpolliitt  maelilnen  ot  hralnn  which  work  throngli 
certain  formnlnn,  Dyroneoplc  nigliln,  which  nlllltte 

1  Tyi'li'iilfv  til  A  **  IH)’  mill  K  *»  4ft",  llm  t»rrnr  of  88 
icllllrioilmin  fm  till*  term  break*  ilnwo  to  t ft,  Ii,  4,  H  inlilt- 
rmilntin  i'cn|inct  Ivcly, 


CONKIDKNTIAI, 
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dm  proport Ion  of  ii  «,vm»t'(i|w,  wliloli  employ  eddy 
fiirmiN,  urn!  wliloli  eonntrnel  phynleidly  (mtlmr  llmti 
cMiloiiliiff  nmtlioitmf irtill.v)  I lio  required  <h<Moot I<mi>  um 
more  like  Hont lout  Imlnitn,  A  inimli  nmro  olomontnt'.v 
example  of  thin  point  neimrrod  In  t lio  I'nmpiirlnoii  of 
vcntur  ntid  ftlitobmloiiwn-npot'il  nlghtM  (Hoot  Ion  l.ft.il). 

A  Nijtnlflennt  mlvmiliiKe  of  n  ityro  nliclit  In  Unit  If 
"ill  nmnnure  tlin  trim  mti*  of  rotation  In  Dm  olr  iiiiihh 
of  ilm  Him  eoniiooiinit  Kim  to  tni’Kot .  In  <‘<•1111111  ln» 
NtnneoN,  Ilm  tnmkliiK  may  miiially  lm  tlimo  liy  Ilm 
motion  of  tin*  filing  alreruft,  I'm*  example,  In  firing 
ol  n  fixed  k>‘< >i  1  n< I  nlijiM’l  from  no  nlivrnfl  nniklnn  it 
pylon  lurii  Oil  I  till  I  tiiritot,  ilm  uiniimr  linn  iioIIiIiik  to 
'In.  'I'lm  ityro  nigh  I  "  ill  <<nliilillnli  lh<<  imitnliu'  ride 
w  •*  i',;  r,  "ill  I'omlilim  lliin  wit  It  11  Hum  of  tlljflit 
f«,  *■  </r  i'm  to  nlvn  n  kl  in’ll  in  I  !»■  «l(’ll«M't  inn ,  fn/niii/  ilm 
I H l‘Kt'1 ,  ofi/i'o  I'm Mtol  "ill  niilili'iml  (nun  lliin  ilm  Inleml 
I nt Hint i<‘  iillnwinmo  which  will  dncmnNn  ijt>„  e.,  (<<  full 
uwn-npoi'il  uliowniicc  r,.-  whicli  In  tlm  required  de- 
Meeditii,  V  nmnlinnlrnl  night,  nmlor  tlinno  elrcmii* 

. . . . .  mipply  only  0  trull  nllmvnimo  nlmml 

of  Ilm  (iii'Ki'l,  In  lint  til  tore,  lliin  iinlopoinli'imi’  from 
nlrernft  inollon  in  iililidulng  norronl  dotlccilnn  In  Ini- 
tout  tiiil ,  Iml  III  Huliti'm  ll  In  ImpnrtillvM, 

Tim  night  I'oiiniiloroil  III  lliin  noolloii  onon  11  xlngli' 
Iti'Nllily  Iiioiintoil  gym,  (( Vrtnln  nightn  lined  for  nnti- 
nlri'rnfl  pinponow  mol  for  light  orn  ilm  Drupcr- 
Dnvln  nlgln  mnl  tin'  (1011111111  YY/A'i  I'liiploy  two 
millnlily  monl  rilllmil  gyron  mol  nolvo  tlm  prolilom 
enitqn meld  lolly,  I  Tlm  nlngle  (tyro  nlulil  given  1  lm  loin  I 
klimionlii'  iloliootlon  11  loon  1  lm  niiilive  pnllt  of  ilm 
Inrgol  i  t 'gn  I'd  lew  of  tlm  <  III  oil  l<  111  of  llml  pnlfi. 

rlirn  (tyro  nlulil  oitiinlnin  i'khi'IiI lolly  of  (I)  nn  < 
trnmugmiienlly  (‘onlrolloil  gyrnncupo  whleli  monnmon 
k i non m I lc  ilolloclioii  mnl  nlnii  inli'nilimon  lutlilnlm  onr* 

roi'tloiin,  mnl  t'J)  no  optlonl  . . . .  oniolilinlmn 

Ilm  Him  of  night  mol  iuh'inlorvx  Ihr  xinhl  /noonofor 
We  hIih II  oiiiinlilor  count  nnilnnid  ilotnlln Iml 
kIIkIiII.v-  In  opornllon,  Ilm  gummr  prenHn  nil  Iloilo, 
olrnpooil,  mnl  InrgH  npnn,  During  nn  nttimk,  lm 
1 1'iit’kn  u llli  pipporon  liirgel,  keepn  1  he  (iirget  frnnmil 
l*.V  Ilm  reticle  put  torn,  mnl  (Iron,  AkIiiioIIi  mnl  clcvn- 
I loll  of  tfii’  Kiilin  11  n*  idiloinntli'iilly  piokod  ulT  Ilm 
tnrrol  gear  trnlnn  for  line  In  determining  linillnllo 
imrroolioiin, 

Tlm  nlngln  ny in  night  for  11  tnrrol  in  otilloil  (I)  (lm 
Mn rk  III'  liy  tlm  IMiInIi,  who  orighuilcil  (In'  denlgn, 
m  (lm  Murk  IN  l<y  ilm  U,  H,  Navy,  which  mod llloil 
(he  donlgii  for  IJ.  H,  mmmiiillloii,  mnl  (!tl  tin*  K-lft  liy 
d.  H,  Army  Air  Korean,  Tlm  flgltler  vernlnn  (Murk 
21,  Murk  'ii!,  lv-li)  In  dlnounninl  In  Hoetlon  fi.li. 


n.s.a  Midhotl  of  FrtNltK’ltig  fclritnmttie 
Deflection 

To  arrive  lit  tlmliitnlo  prhmlplnn  of  tlm  night,  It  may 
firnt  lm  explained  limv  klimnmtif  doftadloit  in  pro- 
dni*ed,M' T*  Hitppnnn  Hod  n  gyrtmeopo  In  monntnd  on  a 
Klin  no  that  tlm  npln  axln  In  pnrullol  to  tlm  burn  axln 
of  tliaf  gnu,  and  no  that  Ilm  nnlvornid  joint  mnmitlng 
(Klguri'  II)  at  O  In  Ilm  center  of  inann  of  tlm  gyro 


-A 

l'*oo  10.  II,  l'i'ln<‘l|il«  of  llii’  (tyro  nlgtil, 

Nynloni  mol  In  nino  (In'  point  ninmt  which  t lio  gun 
rnliiton.  Hlimi'  Ilm  minintllig  In  miivornid,  nn  Ilm  gun 
In  nmvi'il  itlmol  ()  th*'  ityro  uxin  will  rcmolo  pointing 
In  lln  tiriglnnl  illri'i'lloo  In  npimo,  thin  lining  11  lumlti 
property  of  gyrnnenpen  (lined  for<'xnmph'  In  Ilm  gym 
I'oiiipimn  mnl  lliglit-idiltndi'  ityro).  Mat  on  nliown  In 
I'ignro  II,  hi  Irio'kioic  0  targnt  wo  roipdro  Iho  ityro 
n\ln,  If  wo  oiiiinlilor  llllll  n\ln  nn  Ilm  lllm  of  n||tht,  Pi 
Init  Imhlml  tlm  itniH  an  iippropiiiilo  iiiininnt  loitoni'r- 
n!i>  ili'lli'i'tlon.  Thin  om  1 1  |.i>  ilium  only  liy  lonklnit  Iho 
Ityro  prcci'nn,  nlimc,  In  Irnoklnit,  ilm  lino  of  nl|th(  irnml 
nliiy  on  turitot.  To  lonkc  dm  ityro  proconn  In  the 
plono  of  llii’  Inmkliiit,  0  fnrci'  /■'  ioii«I  lie  npplloil  nl  it 
point  win'll  nn  ,1  nlnl  diri'i'toil  id  n)flil  on i/lrn  In  tin* 
plo in*  of  dm  Irimkhm.  (Wlliionn  tlm  dip  of  11  nliifth' 
I'nnlim  idrcrnft  In  uniklmt  11  Imiinonliil  turn  1I110  to 
dm  not  Inn  of  tlm  propcllor  mid  ilm  hniim tulid  foroon 
on  Ilm  lull  niirfio'i'n,) 

If  /  In  tlm  moment  of  Inert  la  of  iho  (tyro,  If  7' In  tlm 
applied  <ori|iie  (eipnd  In  die  1‘ori'o  I1'  llnmn  Ilm  dln- 
t imeo  I  »>  ff.l),  noil  if  0  In  die  iimcnlm  velnclty  of 
Npln,  then,  hy  0  limilllar  formnlo  of  nmehiinien,  the 
preeennlinnd  rati'  1)  In  jtlven  liy 

I  T 

am*  . 

/  it 

Ninon  iiinnmol  of  hmiiln,  npln,  and  Ilm  dlNtmieo  OA 
nre  norioiillv  Iked,  11  ehainto  III  tlm  rate  of  precoNnlun 
roi|iilron  a  ehiio«e  In  tlm  applied  I'omi  !<\  Hotmo 
write 

i?  »>  i’i  /•', 


t'ONl'iDKNTlAk 


(-VH(»«f:ui*i(!  atmintriiw  »n;n tm 


why*  r>  iw  t/IU,  If  it  mid  v  lire  men*. 

iiiinI  from  »ome  reference  linn  fixed  In  *ptme,«  n,g„ 

polnloil  nl  n  td-ar,  limn,  ir  Urn  fin . b'  hr  „„uje 

pmportlnnnl  to  Urn  menhir  *e|»nridlnn  of  gun  ,m.| 
wlglll  linitH,  WC  W  I  Hill  |  hliVI! 


a  *»  i'i(\(y  —  a), 

Tim  force  A’ . . .  !m  made  proportional  lo  lim  angle 

-  Lt,  .1.1 _ _  _ I.  .  * 


.  Mil’ 

y  ~  a  li,V  Ittlimliing  i»  Hpl'lhg  from  ,|  lu  //  ,tll(|  c,, lying 
Hooko'M  in iv i  /-’  non |i|  then  lm  right  In  (im„nnl 

lM'1  " nmit  in  . . .  . . . Id  lm  iiifii I.-  lnvrr*elv 

I mt|>ort iomtl  ton  lint . MHglii  n.nlt ijilt.'i  t„,  (vuri* 

iil.lc  *prlng  wtlffim**),  nr  would  have 


I'hmllv  *lncr  y  -  n  |N  llm  Inn  I  X,  „  deign  *imh  Hint 
**  I  would  Inn!  in 


A  *»  I  Jr, 


mill  khmnuiiir  dcllceiluii  nonlil  lm  produced.  Tim 
only  thing*  wrong  with  the  *rl>cm«  mm  (lm  *prlng 
nmcImnlHiii  u (mill  nui*r  prci'o**inii  nl  right  angle* 

to  llm  plane  of  tnmlilng,  . I  (2)  no  *nintilhing  I* 

ptiHliicil,  I . .  -  II  Tim  llr*l  ,.,im  mil  lm  nml 

l>>  (III  lligniilnli*  Mf'lilh'iilhili  of  clrctrlciil  eddy  n„. 

roiit*.  Till*  I*  ih'Ni'i'llmil  In  Sort  Ion  rt.ft.il.  liccnlllriK 
Hoi’tlon  ft.il.il,  Hiiioolhliig  mn  lm  (iHil(<vc<l  not  l.y 
I'"1"*  l!,!;  rl'i"  "*1*  "*  Hi"  Him  of  *|g|,l,  Inn  l.y  lomii- 
log  llm  algid  n\l*  ii  llxcd  prnpni-l  Innate  dl*taui'c  lm- 
"I'1"  Kim  "Via  ll  la  oim  finmllon  of 

llm  oinlml  n\  - h ( imi;  hi  ilo  Him  Tim  iiicllind  I*  given 
III  Hoclltni  ft, ft,  |, 


I’ mu  mm  12,  ( lyre  Hclimml Ir. 


*‘I>.vkI<-k  of  the  Hy n» 


" licri'  i'i  In  n  mnxlinil,  mill  f  I*  Hie  current  In  llm 
"oil*,  Tim  Him*  of  nmgimlh'  I'orec  |ih*h  through  llm 
'  hitei'acel lug  II  in  u  rlrnilur  area  centered  at 
,  ,’1"'  '"''t'  oim  liiMlmil  I*  Imiimilluh'ly  rn|)fimni| 

l',v  niiollmr  nlnee  llm  iloiim  I*  xpluning.  Kddy 

. . .  I',  llm  doom,  *inim  n  rl'imnliir 

,,'"'"I"M  "I  III"  'loom  mm  lm  Ihiinghl  of  n*  a  cull  ,,f 

"  ,  ln"v H  nmgimlh'  Hold  Tim  current  / 
Induced  In  *imh  n  coll  In  given  l.y 


IiihIcii.I  of  it  cylindrical  dUk,  (lie  iii'lind  gyro  of 
llm  Night-  ('011*1*1*  of  II  co|i|mr  dome,  n  tin i  circiilnr 
mirror,  mid  n  *hurl  coinmciiiig  axle.  Thl*  *y*irin 
i'"volvc*  III  u|)|irojdniiilc|y  il.lMIH  rovolmh.iiH  per  min- 
nlc  idiniit  a  nnlvcr*nl  inonnling  lo  lm  con*idcrcd 
nt  grcalcr  length  I, clow,  The  cn|i  of  Ihi*  IoihUIimiI 
move*  I ict ween  llm  two  pole*  of  on  elect rni.mgiml 
nhoHc  enri'cni  run  lm  varied  II, rough  a  vnih.I.lo  re- 
NiHtiniee,  Thl*  iirrimgenmnl  I*  *olminnllxc<|  in  figure 
I  2* 

Tim  Hlrcnglh  //  of . mngimllc  field  between  llm 

Itiim*  U 

II  *  f’(, 


j  -  C*//l', 

r*  '*  "  ""n*linil  nml  e  I*  the  voloeliv  with 
"  hli'li  1  lm  coll  move* 

The  cfTcel  of  IIichc  eddy  enrrenl*  run  la.  made  mil 
liiiinMiivlli/  l»y  an  cMiniinalloii  of  figure  Id  The 
Induced  eddy  r.irroiil*  *el  up  ||,e  ei|iilvnlent  of  two 
nnigiiel*  In  llm  iiMnlihiiicnn*  diinm  *eginenf,  with  S 
Mini  A' pole*  on  llm  rigid  mid  ,V  nml  S  pole*  on  llm 
lefl,  lie  ri'Hiillliig  four  force*  nil  net  In  ,.|.p„ae  the 
mol  Ion  with  a  I'oreo 


•Hen  figure  |, 


where  I’,-,  I*  a  eonHluul.  The  force  A'  irle*  |o  *lmv  the 
dome  down,  Hill  (lie  con*liui!-*peed  motor  mniplle* 
Meo„,,le  wllh  a  force  A'  2  at  A  (Figure  12)  „ppo*j„g 
A  nml  it  loree  A,  2  at  /I '  In  llm  mtnte  dlroeliun  a*  A’, 
Hence  llm  Hpeed  of  rotation  I*  maintiiined  and  an 


(tONKIDKNTIAI, 


liuimlmmcd  form  (A’  —  /<’  a J  f  fr'/'i  m  A’  In  left 
wlildi  |h  directed  ibn'H  Into  t lie  In  Mgnri'  12. 
Ih'ime  prei'enMliiii  will  owin'  Iti  llio  | linin'  of  llm  wplii 
find  horn  nxen  iih  j|  hIiuiiIiI. 


t'*im  hi.  HI.  Kitity  i'Hiti'mi  ilnm 


I  mli'i' trucking,  I  Ill'll ,  ii  n  I  lie  Imh’I'  iixIn  In  illupineci  j, 
I  In'  wpln  iivIn  (lien  to  I'l'iimiii  IKoil,  lint  till'  ili.Npiiii'f- 

tlK'Ilt  CIIIINl'N  II  flll'I'C  A'  Wllll'il  Ii'MiIm  III  JH'I'I'I'NhIiIII  III 

tin1  N|iin  unIm  I  own  it  I  (In*  imrii  h.vIh,  ||  (Ini  gun  kwpN 
I'olnllnit,  Ihi'  xfdn  iivIn  iloi'H  not  I'liti'h  up  Mini  llir  I  no 
MM'fi  revolve  with  mi  iiiikuIiic  iiiN|iliii'i'iin>iil  del  w  een 
dii'in, 

I  iin  iippllt'ii  lni'(|iii',  iiwHiiming  dint  iiii'  iimiiM'iil 
linn  O)  «*  0,1  >»  /,  im 

I  -  (w,  /()J  K. 

Anil  ll  r  In  die  (viirlnhlc)  ilUtum  *•  )  .j  we  Imvo 
I'  «*  ill  *»  /Ml, 

"’Ill'll'  >  rr.  Mill  Ihl'  pri'WNMjnlilll  rule 
.  I  T  v 

«’*' 

"l"'"  (  lllj 

ivdiM/c,)1' 


MiimII.v,'1  if  If*  i*  i»  I'lniMi'ii  in  hn  wo  I iii y  o 


s.fl.i  Opiicul  §(vMKmt  ttmi  optical  Dip 

The  oplii'iil  n.VHh'in  mud.  Introiiime  Nmnothiiig. 
Tim  nvnIciii  Ik  Mdwiiintijmd  In  Figure  1 1.  Tim  ml  Ido 
Kiilo  chiinImIh  Him  ply  of  mm  fiiit  dink  provided  with  a 
will  ml  imlo  mid  nix  rinilid  xlli*  pinml  iigniiwt  mi¬ 
ni  lii'r  dink  jirovldod  will)  nix  curved  nilt*.  Tim  ml Iclo 
pnld'iii  coiihImIn,  iin  h  rcnnlt,  of  n  plppwr  mid  dx 
illiintond  flnt  dim*  fo  llm  ovnrlitp  of  dltn),  By  ro- 
indiiK  n  dink  with  fool  imdiiin,  llm  nIko  of  llm  pntfcrn 
In  flindgeil,  n  I n i'm 'I  limy  lm  fmmod  mill  pri-nent 
rn OKI'  Niippllcd  in  liio  niiige  coIIn, 


(‘’•111  Mr  ||  0|ll|cn|  »yHl(i|||  «. ||i, niiOlii 


’•’I"’  "plicnl  . . .  fr .  I'd  Ido  uni),  p,  |,,|IN  |H 

llm  fitful  length  /  (7.07M  in. I  nIiico  till*  In  n  eolih 
mu  I  Inn  n, vnIi  in,  llic  oplii'iil  iHnIiiiiw  from  gyro 

mirror  In  Iciin  In  dm  lliingc  diNliilme  ii  ( I  A7S  |p,). 
rim  illNlmmc  c  to  llm  (vlrlinil)  iiiijci'l  |n  given  iiy 
I  I  I 

«—*  m>  t 

ii  r  / 

('tindili’r  ii  rny  eiiniiiiiliitg  from  llm  linugc  point 
(K,vro  mirror)  mill  milking  n  niiiiiII  migie  o  with  dm 
nsiH  of  llm  Iciin,  |  poii  ref riml ion  hy  llm  Iciin  dm 
csil  rny  iimkcN  n  (Miimlicr)  migie  1  fi  willi  llm  nx|« 
of  llm  Iciin  dclnriiilimd  hy 

Inn  (i  n 

t 

dm  ir  i> 

( ' . i'll  111  I  ion  Ilf  J  Iii'hi*  mint  Inn*  yidilN 

hut  ft  j  Ion  ii  <•  U.UfiH  (im  o  , 


K  "»  ImIT, 

1  III  roll  in, cl  |ioi  will,  c  11  nIiihiIiI  IhmiIwim  veil  Hull,  »llli*e  I  lie 
JAvnli  power  KiitM'fy  In  fnmi  die  nticriifl,  ,i  „ 
t"  if'Kiiliilltin  inm. iin  ii  |H.r  mu  error  In  llietleflerdnii  (M|i- 


I  hl"  ri'witit  In  only  npjimxlnmle.  If  thick  Ictm  tlmory 
In  unciI,7"  ||  In  foiinil,  more  cxncliy,  flint 

ft  -  d.drt'i,*  -  (UiNilAn*  -f  i.INflo*. 
rie'itimo!  i, J;;;;!;!1,'";;  ",,h  m"'1"  *  "mi  H|M, 


( 'ONKIi  HONTIAL 


(iVHOMOIMO  I,KAI>  OOMPUTINCi  AilillTA 


Tlilw  point  1m  inhuml  finite  ||  will  In*  w';'ti  Immeillittely 

tlmt  tin'  night  pnmmeter  a  will  nut  Im  . . .  but 

will  vn ry  In  ft  pwiillnr  wny  tlepomllng  tin  tlm  iimuiint 
of  deflection 

now  tlmt  llm  gyro  mirror  Ik  rnhitod  in  ele¬ 
vation  llimugli  mi  iiuglo  Xr.  (Tim  ileulgn  In  Mimli  Hint 
O  In  effectively  In  llm  mirror,  Hoo  l'*lgitn*  III,)  Tim 
Mlmtinl  ni y  from  llm  gyro  mirror  In  tlmu  illNpliteed 
(’rum  Hn  original  paxlllmi  by  twin*  UiIn  angle,  Upon 
billing  tlm  fixed  mirror  llm  reflected  nngio  roimiiiiN 
2X|  mo  l lutl  llm  entrant  rny  In  tlm  inm  nmkcH  UiIm 
tingle  with  tlm  ieiiN  iixIn,  i,e,,  t»  *»  2Xv,  lienee  llm 
exit  rny  from  I  lie  Ioiim  beeomeM  u  relleeled  rny  from 
the  eoniliiiilng  kIiinm  me  I  iimkeM  nil  imgle 

ft  «  tl.7tlllXi  -  II.7IIIX?  +  :t7,H2X? 

with  llm  origlmil  |iomIHoii,  < 'oiiMe«|imiilly  the  rutin 
of  llm  tingle  from  gyro  o\Im  to  Might  nsU  to  tlm  nngle 
from  Might  m\Im  to  gun  iixia  In 

X,  -  p 

f|  w*  ' 

ft 

ll  In  more  imporliiiil  to  eoiiNhier  n  rnlntloii  of  tlm 
gyro  mirror  hi  mtimnlii,  ninee  In  HiIm  cmhc  not  only  Im 
ii  ii  flllietioil  of  tlm  ilellne) ion  Xi  bill  iiImii  ii  MpniioiiM 
elevnlloii  nngle  U  iulroihieeil  ieiuling  lo  llm  plmiiom* 
eiioii  of  ii/i/mi/  ili/i,  wliieli  In  mi  error  of  llm  Might, 
Tim  ilonhiing  principle  umi'H  nliove  ilepemleil  on  u 
rot n I  ion  of  the  mirror  nboiit  on  iixIm  perpeiiillenlnr 
In  llm  piiiim  of  Incidence,  I’or  rolnlioii  it n o no t  Mourn 
oilier  iixIm  ilonliiiiig  U  not  i|iiitn  neenrnle  1,1  TIiIm  mny 
be  explained  ermleiy,  for  mi  iixlmiith  lotiithm,  mm 
foiluwM.  In  l''ignre  IA,  the  ilelleeteil  rnv  lo  tlm  leiiM 
I  him  furl  her  lo  go  in  gel  to  the  leiiM,  mo  I  ellmblng  ill 
17”  ll  i  i  It  mi  llie  ieiiM  ii  miiiiiII  iliMtniiee  nliove  the  rent  nil 
line  of  llm  IcIim,  To  the  eomliiiiing  giiiNM  of  Hie  Might 
ii  ill'll  I  him  nppiirently  been  iulroilneeii  Tim  gliiMM 
IliInkM  Ihul  llm  gym  Iiiim  iiImo  ehmigeil  in  clcvutiini, 
l''lli‘llmrinoi,e,  hiMtemi  of  full  ilonliiiiig,  n  fimfor  '2  eoM 
17"  iippeni'M,  In  fuel,  n  Mlnifile  trigonoiuetrle  iiiuiiyMiM 
of  I'ignre  If)  mIiiiwm  tlmt  lor  n  dlMpInccnmut  of  the 
gym  iixIm,  in  iihIiiiiiIIi  only,  of  Xt  rmiluiiM,  liie  Might 
iixIm  will  move  in  imlmnth  by 

(ft.HMI)Sl  i'om  17°  X,  rmllmiM 
noil  will  nbvnyM  ilepreMM  in  elevation  by 
(U,!tA!l)2  mIh  17”  X  i  milimiM 

1'h‘Ml  iippmsiinnlioii  thin  Iciim  theory  Im  imed,  l,e., 
ft  «•  H.itAHrt.)  In  geimmi,  ill|i  nmy  be  nmile  nut  with 
Miillielenl  imeiirney  by  HiIn  approximate  llieury, 

If  llie  gym  iixIm  Im  dUpliiced  IVoni  the  gun  iixIm  by 


iingleM  X,4  mnl  Xc  in  nainnitli  luni  clrvafluti,  then  tlm 
Might  line  Im  illMplimesJ  from  tlm  gun  uxi»  by 

iMl7AX*  +  (UUIPmXc  rinllmiM, 

DJOilXe  -  0,I«75X  ?  iHilliltlN 

In  ualmillh  mnl  elnvuHiiu,  reHpcetlvely,  It  |m  evident, 
Hint  dip  (m  Hue  In  the  deMign  lunwwlty  of  Imvliig  u  rny 
of  light  I'mm  the  reticle  Ml  like  tlm  gym  mirror  nl  17°,  I 


I'll, i  in:  IA,  Ibplniutl len  ef  n|i|||, III  <li|. 


To  gel  nl  the  wuy  III  wliieli  ii  ehiiiigeM,  the  exact 
theory  mny  he  m<ei|,»>  Tlm  viirinlion  In  ii  Im  given 
by  the  formiilii 

,  '  0  -  H  701  Id, „  -  II,7IIW/;,X#  +  H7,II2»CX\ 

wlmre  X  I*  the  nngle  between  gym  nml  gun  iixIm  mnl 
llm  Im  III!'  lilntortioli  I'netor 

llm  *  V  |  -  mIiP  17®  Cl  in'*  Ip, 

I  111  wrliilii  llemimi  Mingle  gyie  nlgliu,  OiIm  In  mil  true  The 
llxeil  inllTui'  In  Imlf-Nllvereil  mnl  ilmp|iei!  down  In  llie  fit' 
it*  In  (Nee  I’lgmi1  M),  mill  the  eel  Into  Nynlem  I*  rnUeil  in  ||i|n 
it* In  m<i  Unit  It  In  bhiml  Hie  llxetl  mlrmr,  Hee  Meet, Ion  A,7.il, 
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i  being  Mm  tingle  between  Mh»  luni*oidul  pliuie  mict 
the  pltutn  of  Km  Kim  inul  k,vto  hsoh.  'rim  value  iih- 
unity  iiMHiinmd  fur  a  !k  0,4!l,  but  It  »*«u  readily  vary 
from  0.41  to  0,-IK,  Thin  vitrliitlon  Iiiih  ;»  negligible 
effect  on  H<ght  imiiomiiitmo, 

5.5.5  iVliM'hiinlctil  Detail* 

It  In  lo  Km  point  In  eoiiHldei'  imKnil  mechunirid  de- 
Inlln  nIiiw  uni’ll  kiiiiwh’ilKi*  IcuiIh  to  mi  nmiiTHt  ending 
nf  Km  llmlluf iuiiH  inlmri’iil  In  nmehnnlHiiiK  of  ililn 
order  mill  Ih  of  liNNUlitiiim  In  llm  genei'id  di'nigii  of 
new  eipilpmenl. 

I Iiiokk'h  Joint 

Tim  iirlinil  K.Vi'o  Hyniem  employe  u  Hooke'*  joint  1 
fur  Mh  iiiiIvoimiiI  it  h  ii  hi  1 1  iix  .  \h  Imlii’iili'il  In  figure 
III,  l  Im  gimhtd  Ih  n  Uni  i'I'omh  of  nmliil  w  Iioho  inpul  k rut 


A  fe  •  INPUT  ANM 
CO"  OUTPUT  ANM 

I'  HII  III  III  Admit  k\  I'll  mill 

Ih  (ilvoli'il  In  llm  ilrlvhiK  |iiilli’,v,  while  llm  rotor 
iiHMCiuliiy  Ih  1 1 i i i i u.  mi  llm  mil  put  unit,  Tim  pull«‘>‘  Ih 
jilmmil  in  linil  lion riliKH  in  n  pniml  ronimi'li'il  lo  llm 
Might  bond  Mini  In  n  vertlciil  pin  in  |mi|mnilli'iilnr  In  llm 
liiini  iinIh  nf  llm  koii  Tim  mdo  I'liit  iihhiiiiii'  nny  hiikIi' 
vvllli  ivH|mi'(  'n  Km  pulley  hy  nmkhiK  ubnut  Km  four 
I’m  Ih  of  llm  ulmlml  i'I'iihh,  mill  rolnllon  Ih  iiiiilillitltmil 
nl  nny  hiii'Ii  iiiikIi1  TIiIh  liuplli'H  linil  llmonlptil  urin 
iiiiihI  hull  up  mill  down  I5JHNI  lime*  per  iiilnilti’  Tim 

k  Ttm  fii'ofH'i1  iiIIIiik  iif  ililn  Jiilni  •«  of  I  hi’  iiIiiiuhI  iiiijMiiiintiT, 


ri'Niilf  of  KiIh  gimbal  iiwtiia  Ih  ii  wllgltl  Itinpte  feuding 
to  (iiihIi  Km  twin  hIIII  I'lirMmr  from  Km  vertical  Thin 
li'iulw  to  iMiiiHO  n  pan  (ml  prooewMbm  nf  Km  iixle,  (Tim 
cniHH-ivlinl  force  on  u  Indict  wlilcli  imlH  nnllnlly  out* 
mini  In  Km  iiiHliinfiiimniiK  pliom  ol  yinv  in  uimlogtniw,) 
Allot Imr  lori|im  which  Iiiih  ii  nlmHur  effect  in  oiiimotl  by 
I  lie  mphl  Mphiniiig  of  llm  mirror  while  In  it  enekntl 
pnwit Ion.  Tlie  iiHyinnmlry  In  Km  hIkIi)  Imiu I  leitiln  to 
low  nlr  iireHMitre  on  one  nlile  of  Km  mirror  mnl  high 
|m>HNiire  lit  llm  oilier,  Thin  Ih  Km  I ’talari  larqtw, 
Aililliloniil  Inniiii'H  nre  dim  lo  ait  titan  tunl  frivlianal 
rtninlamvN,  mid,  of  eoni'He,  llm  iltiting  Urn/av  iih  niodl- 
lieil  tiy  llm  joinl,  TIichc  live  toi-ifiicM  lire  exImneniiH 
III  llie  Hi'iem  linil  I  he  only  lorijiie  wo  really  wiuil  Im  llm 
one  dim  lo  eddy  enrrenlH  In  the  dome.  KvIdettKy, 
(In*  iiIiiiIvhIh  of  llm  gyro  HVHlcm  Ih  eoin|ilh'iilei|  The 
i'ohiiIIh will  not  even  lie  i pnili'd  I'Vimi  Km  point 

of  view  of  nil  ililn  l  . . .  lertit  loti  of  ( 'Iiihh  It  erroi'H, 

however,  I  he  ninii'id  proccMMiim  referred  loidiove  im* 
lilieH  I  loil  ii  i  IlMpliii'i'i  I  gym  ii  sin  doi'H  mil  return  In  the 
gun  ii \ |h  it h dim;  a  mI rn iuh l  line.  TIiIh  IoiiiIh  in  n  dtp 
n<  Ii  lit  h  him  I  lo  I  he  npl  li’id  dip  of  Heel  lull  A, A,  I.  Since 
IIh  miiKiiiliide  Ih  npproNlmnlely 

I  ft  12.5/ it  niilliriidiiin 

il  follow*  Hint  h  cull  lie  punitive  or  ui'Kiilive  depend¬ 
ing  on  the  dlrei’Kon  of  tiiii'kliiK  uiid  ho  limy  purl  hilly 
I  min  lire,  or  uilKHient ,  Km  oplieul  dip, 

Ki .rn  ’rin  im aii n r  ru'  Hvntkm 
Tim  eleel  niiioiKiielie  HyHleiii  imlmdly  iihch  ('one  hcIh 
of  puli’H  iiiHtend  of  the  hIiikIi’  pule  of  figure  12.  The 
now  coIIh  nre  not  wound  lodi\  idnnll.i  around  eneli 
pole,  lull  lire  wound  mound  Km  entire  mill  of  four, 
Tim  IIcIiIh  lie! ween  the  hovcitiI  pull'H  lire  Km  Hume  In 
muKUilmle  mill  hoiihc,  HulliHlIr  detleetiiuiH  lire  tiikeu 
Into  imeonnl  In  n  nlinple  I'iihIiIoii.  In  iiddlllon  lo  tlm 
enveloping,  niiige  eoll,  eiieli  puli'  of  iippiiHile  poli’H  in 
wound  with  ii  Hi'piirnle  I tu IIImI ii>  eoll  (figure  17), 
The  fli'li Im  produced  nre  oppiiHlle  hy  piili’H  heeniiHe  of 
tlm  winding;,  liefer  ring  lo  I'‘Ikiiit  M  of  Clmpter  I,  ll 
Ih  *eeii  Mint  the  two  net*  of  IhiIIImIIi'  ciiIIh  lire  needed 
to  produce  tlm  uppi'iipi lute  Intend  mid  vertieul  coin- 
poueiitH  of  the  trull  II  .  TIichc  ciitnpi (licit I m  tire,  re- 
Mpeelivt'ly, 

II’  Mill  All  mnl  II'  COM  A, i  win  /'.'re 

An  iiddHIoiml  coll,  mi  l‘i  mid  /*«  ttitly,  Ih  needed  for 
tlm  gravity  idlownuce,  Under  tliene  fuiir  winding* 
lite  four  elect I'oiunguelH  Imeotue  ei|tilvideiit  to  mm 
placed  at  Home  point  hot  ween  them,  u  omgtmllc 
center  of  Klavdiy,  Tlm  Mingle  point  ul  which  t  lie  totitl 
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hoiwimjtini;  nhuith 


ir> 


timglipllu  I'iii'pp  kopuin  to  ucl  is  piiIIpiI  (In'  mitfiiwlir 
tvnkr,  mul  Ihn  IIiki  fh)in  this  (mint  In  Hip  lioukc's 
Joint  In  the  miffiiHi ?  a,ri*.  WIipii  IhiIIInIIp  cimviits 
Hmv,  the  ImiIIIhI U*  IIpIiIn,  Mug  i>|i|)twllp  In  npiiwp, 

Hip  ttmgnpHp  poiHpt  In  nIiII'I.  Tm  Hip  gym  Hip  mug- 
fif’iif'  uxls  him  (iln.VH  Hip  mli<  of  Hip  gun  iixIn  m mi  I  It  Is 
wllli  l,i,«|H«i'l  In  | Ik>  iiiiigiii'lli'  iixIn  Hint  klhi'iimlli1  dr* 
fli'i'lliiii  In  Htkph  hy  Hip  gym.  In  Mils  pli.VHipnl  I'hnIiIoii 
Hip  gymNp<i|Hi  puiiHtriiPtN  Hip  HIIYptpiipp  IipIwppii 
kliiPiimili1  mill  IhiIIInHi1  iIpIIppHiiiin  inn)  |irn|iPi'ly  |hinI* 
Hiiiin  Hip  gnu, 


properly  Hip  i'pi|iilmil  I'liriniiliiN,  iiuiillnom’  rowlutummu 
mill  iillPiiimHng  (multiplying)  plroultu  uc«  k«hI. 
Hnpiiiwp,  in  Mgiirp  IN,  Hint  Hip  vhHiiIiIo  nwlNtnmm  Hi 


*.  -  * 

I  iiii  ill.  IN.  \|i|lll|ilvliiK  rlli'llll 


t'lm  tin  17.  Ilmitfi'  mill  Imlliaili'  i'hIIm, 

I  'In nn  H  crmi’N  rii 1 1  nppiir  lieemtNp  n|'  Hip  pIppItu- 
liingiiplli'  «>m(  i<m.  TIip  In  I  I’lii  I  IhiIIInIIp  i'iiIIn  m  >1  only 
(mil  Hip  iiingiipHi'  ppiiIpi'  ovpi'  iin  Hip.v  nIuhiIiI  I  mi  Hmy 
IiInII  iIpIIppI  l|  nliglll  Is  lit  pIpVHIIiiII,  llllllllllll'lllg  Nil  III  II 
llili'H  dip  Agiiln,  iin  mlglil  lip  i'\|ipi'|pt|,  Hip  IhiIIInIIp 
piiIIn  iiInii  iipI  In  n  hiiiiiII  tt iiy  iin  nnigp  phIIn,  i  liniigliig 
/«,  slightly.  Ilmiliy,  nn  liii|>nrliihl  prmi’  n mill  Iip  In 
Imiliippil  iIiip  In  Hip  viii'lnliillly  of  piniiliii'llvily  nf  Hip 
iIii'iip  wllli  |p|ii|ipi'iilnrp  ivIiIpIi  1'lmiigPN  rmlieidly  from 
npii  IpvpI  In  lilgli  nil ll iiiIp.  (Lend  u  II I  I'linngp  hy  II.  I 
|ht  i'piiI  |ii<r  ilngii'P  ( '  I'lmngn  In  tPiiippriiliicp,)  HIupp 
Hip  iiIHIiiiIp  lii|iiit  I’liniigPN  ipnInI  hupps,  ll  CoIIoxvh  Hint 
IIipnp  1'pnInIiiiicpn  iiiiinI  Iip  hi i  pIihnpii  Hull  Hip  rt’Niillliig 
piiitpiiIn  will  piiii(|ii'iiNiilp  for  Hi U  pITppI. 

KhlWTHII  Ah  ( 'llirniT 

Tin'  pIppI  HpiiI  I'lli’lllt  'iiiinI  lukp  Hip  lli|»itH  of  nnigp, 
|«»lHim  of  liii'gpl,  pIp,,  mul  Nii|i|ily  niiIIhIiIp  piiitpiiIn 
In  Hip  Pulls  of  Hip  pIppI immugliPtM,  To  ItiiiinIiHp 


In  np|  Iiy  n  illnl  in  i  in  I  nn  </i,  mul  (he  viitIiiIiIp  tpnInIuiippn 
K)  mul  Hi  1 1 tp  np I  HifitiiliiiiiPtiiiKly  Iiy  Hip  illnl  iiiiiiiIipt 
</•!.  'I  Iip  |imlili’iii  is  In  ili'slgn  putIiiIiIp  iioiiIIiiimi l*  tp- 
nInIiiiippn  Hi,  Hi,  mul  Hi,  oik  I  In  I'Iiiiiinp  it  fixt'd  tp- 
nInIiiim'p  Hi  nii  Hull  Hip  piittpiiI  In  Hip  I  mix  is 
i'i  ~  A‘i/i</«. 

Now  Hip  tpnInIiii!pp  front  ,1  In  It  will  iilwnys  Iip  piiii- 
hI mil  I'm  nil  viiIiipm  nl'  i/a  II'  \vp  I'Iiiiiinp  Hi,  Hi,  Hi  niipIi 
Iliul 

,,  .  H:M, 

i' m  lit  H  i 

H„  i  Hi 

tt  IipTp  r  In  n  mils! Hill,  l|'  Hi  Is  I'lmseli  nii  Hint 
Hi 

n, .  ii,  " 

llllll  ll  Hi  In  i'Iii inpii  nii  llllll 

/-;  a 

Hi  I  p  -  k 

ttP  \\  III  I  III  VI*,  IIN  TPljllll'PlI, 

it  -  Ai/ii/a, 


wlmii'  k,  p,  mul  Hi  imp  nl  m it  iIIn|iiiniiI, 

Using  HiIn  |itIiipI|iIi',  IIipphiiiiiIpIppItpiiII  Ih  In l< I  mil 
iin  I'lgiiTP  Ht  ll  In  pvIHpiiI  Iliul  In  inkpn  Hi < lopniii I 
only  mi  nnigp  mul  nlllHule,  mul  In  iiiikIp  nut  hy  u 
nIiii|iIp  Niinmtlng  nl'  viitIiiIiIp  fiiiigp  mul  nil  It  mlo 
ti’nInI mtPPN.  Hu  viiIiipn  nl'  Hi  mul  Ih  must  In*  dr* 
IrrmliiPil  pxpprliiipiitnlly  In  give  opt Imitm  tpniiHn 
iiipI  pttutn  Pint  imlnmlly  lm  Pxppptod,l,m  TIip  I  HjiIp 
liTiilii  liliig  In  Hip  trull  pli’ciilt  enrreMpomlw  in  Urn 
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MUD  HM« (ITS* 


RANOC  CIRCUIT 


RANGE  NISI  STANCE  5  \ 

H,  ,H,  ,M,  -  ALTITUDE  RESISTANCES  1 
A,, A,  -  AIRSPEED  RESISTANCES  \ 

Z,,Zf,Z,  AZIMUTH  RESISTANCES  j 
E,  ,t,  ,Et  -  ELEVA1I0N  RESISTANCES/ 

ARE  THE  COILS  or  THE  ELECTROMAGNETS 
r«  *  GROUND  TEMPERATURE  COMPENSATOR 
I  -  IN  OR  OUT  RESISTANCE  lOUT  EON  NOSE  I 
R,  ,R*  *  riXtO  RESISTANCES 

I  'lnl  HI  ML  <  '< HU| ill -I )•  t’lt'i  l  l  lrill  i'll I'llll 

hull! I|illi'iii lull  hC  iIi'MmIIv,  iilrupei'il,  Mini  rmm,i’  re- 
i|iillT>il  Ii.v  (In1  i,'s|ii'«>khIihi  1'nr  t mil  I l’o» iitnlii  III)  nf 
(  Impler  I ).  Tin*  Hum  I  liili*ninl  IhmiiiIiIiiwm  liilmiluee 
tmilf Iplli'iil  inn  l»,v  i*i in  . I */ ■  hIii  Hu  iiiuI  mIii  .1./,  re- 
ppeedvely,  ( Iriivlly  i|i'|m*iiiIr  mi  iuiiki*  him  I  eiw 
Hu  lllll  hill  nil  llllltlllll*  ill*  II 1  l*H| Ihl'i I 

5,5,11  S|M'l>llh«  Origin  IlfdlllMS  II 
KrrorM 

III  Ki’HliiK  ill  III''  I  'limn  II  1'iTnl‘M  nf  (In'  gyro  night  h 
iihIiiiti!  first  wtep  l«  In  ilelernilne  lln  Im'IiiivIuI'  In  nym- 
ln till*  liiliKilMKl'  MglllllHl  II  target  mi  H  general  R|hi<*h 


|iii! Ii  iiml  with  mi  arMlniry  itiiik'*  >'  mimI  Irni'kliiK 
mil'  rt  •*  !#  T"  Tills  IT*I|I|||T*M  II  l'lllll|lll'<H  tllhliri'f il'lll 
iiimlywlp  nf  lln*  limt i*i i n n*ii  1 ,  (liven  mieli  ith  Hiiiil,Vwl« 
II  In  |himn|Ii|i*  III  In  ili'lermllie  wind  iIi'nIkh  •'oIimI mil m 
kIiiiiiIiI  in*  iirimI  In  HTei't  mi  nplliiiiiin  enllliraduu, 
dti  in  1 1 *mI  Hie  |ii'!'t‘iii*mmii'i>  nf  tin*  mIkIiIi  In  n  given 
i  Iiimm nf  liii'llenl  i’Iit'iiiiirIiuh'i'm,  iiml  (!1)  InauMlgn  |JHI'Im 
III'  dll'  llllnl  I  ‘ITT  ll*  III  dll'll*  (III  I'lilTlIm*  milHI'N,  III 

llliiMlmfliiK  diU  p it >Kniin  Inielly,  we  nIihII  I'enlrlet 
•  |i H iln duiiH  In  llin*', e  pei'llneiil  In  nindnu  of  linget 
mill  kiiii  mi  unit  In  n  hni'lsmdal  plune, 

On  die  Hiii'l'iire  nf  ii  mill  sphere  let  (r  anil  V  lie  die 
mtlnnidt  mnl  elevidlim  ilUpliteeinentM  nf  die  gym  nsln 
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from  llio  ifini  iixIn  wltlflt  In  iwhiium'i)  In  lie  lit  it  hoi'l- 
jumtnl  plmm,  Them,  II'  1/  mid  c  mo  tl in  meiivtiilli  mid 
olovitdon  of  flio  nI^IiI  tixin  with  roNpoot  10  tin*  unit 
m  (|  4.  0|)||  I  —(!-+’  «»)!', 

wltoro  fit  mid  ii,  vnry  KlWidy,  dopotnllitK  nit  n  mid  c 
(Hoot  Ion  5,5  I),  Wit  nIiiiII  toko  1 i,  *•  «»  "•  <1  (mm* 
Hi  Hitt).  For  gim  mint  Inn  lii  11  Imi'Uniititl  photo,  lln« 
Koiiorol  ciplitt liiiiw  booonro,  itl'loi'  Ihlotit’ltMlIon, 
nil  <■>  —(I  +  ii)(/<«  4"  /V  "f*  dr?  4-  Hri)i\ 

—  (I  4'  o)/t«e  “**  a  4“  I'pti 

(I  4-  «),  1  ~  (i  4-  (i)/i„n  —  (l  4  4"  /V  4-  Hr* 

4-  dr,)i'  4  <>r» » 

wlioro  i>  In  tlio  I'liiigi'  full  fnmml,  r,  nml  ra  nn*  Iml* 
Until1  full  oiiiroii  1  h  (grnvlty  iioglooietl),  .1,  //,  llntv 
I'uiiNliiutN  dcli'i'iiiliii'tl  by  din  wfMitiwH t'lo  nml  nnili'i'liii 
ellll  motor  of  llio  i'Ioi'II'iiiiiiikiiHIi1  n,vhIi'Iii,  /i,,  In  ii  niiiiiII 
(limit  1  vi*  coiiMt nut  (11,02)  dm1  In  kIhiIhiI  liM'i'tln  iindiilr 
I'niTt'iitN,  mid  / i/t  in  n  niiiiiII  iiiinIiIvi'  I'oiiNtmit  (tt.tlllO) 

•  Ini'  to  ItoiirlliK  I’l'li'tlnli  nlld  lii  nil'  di'MK  nil  tin1  rotor, 
Ni'kIci'IIiik  only  /»«,  lltow  i>i)iinl IttiiM  Intvi'  11  n  n/ivu///- 
nlulr  NiilnlliiiiH  (iiNNiiinliiK  mid  eminf  i< ro  i'oiinIiiiiI  ) 

«  *  /« |0  -  11, A I  4-  ll)tm |ff»  ~  it, 

i'  ■»  d»  4*  /lull  4"  n >fi..ii(/i„  1  ir  —  d.t. 

U  Ill'll' 


(I  4  11  f-  Ifp1  A  r?  4-  /frjji 1 

I  I  .  ' 

( I  4  «)(/>*  4  /v  4-  /d?  4  . 1  rjj  I  ’ 

A I  ”  (  /A, nil'll 
An  m  ( 


For  11  linl'Uiililiil  pinin',  r«  •*  0,  nIiicc  llii'i'i'  In  nn 
vi'i'ili'id  <’i hi  1 1  n  1 111  *1 1 1  of  linll,  (r,  mill  m  tvi'i’i*  niton 
111  m  1  Vi*  I  id'll  I  Ini  *  dii'  iIIni'IinnIiiii  In  it  Ini  i  ii)  »|  ilirn  I  do  In  n 
x-i'i'l  Ion  I  pinin'  )  Niinii'iii'iillv  "".I  -  11.20,  II  «■  II  IN, 
I  *»  I  071,  mid  Ii  20  Tn  ni'i  til  liii' I'lnmii'li'r  nt 
IIii'nIiihiIIiiII  Inkc  .1  ~  //  •»  II, 'jit  |»m «.  t M ii) A 
Tin'  im 1 1111 1 Iihiin  hIiiivo  ilu  mil  liiflinli'  1 110  otTool  of 
t  ijit  Ion  I  dip  If  IIi.'n  I'lTi'i'l  h  mipi'i'piiNi'd,  iinImh  dm 
ii|ipriixlllllill'  lliln  Ii  'I  im  H'niiIIn  nf  Moot  ion  A  A,  I,  wo 
nl  it  it  I  it 

11  *■  l),07A(/|ff  —  fl\ ) 

»'  *■  0  I07ft(/n'f  -  fi ,)“  4  0,02AA(/|ir  -  ddi 
tt  Imio 


/|  ** 


hit 

IMIIIA/,,,  4-  1)7  4  S.jtyp 


A  di 

m  * 

L  h 


If  llmi'o  were  im  Iniiriiig  f Hoi  Inn  nr  idr  ilnttf  tint 
form  ll,0.Wm  in  1 1  wniilil  Im  tttiNNlitg,  If  tlm  trnil 
full  fiii'i'f iiIm  did  iml  idfiu'l.  I  Into  of  flight,  lift fi*  would 
Im  iiiInnIiik.  TIioii  h  «  ln‘ 0,7,  mid  If  tlm  opflcitl 
Hynli'itt  wi'i'o  pnrfnol,  dm  ctuitibnr  In  n,  (I.07A  (wltlidi 
In  (ll,.4A!t)2  iiiin  17s),  tviinlil  Im  07  mill  tvo  Would 
iutvo  11  »  /„,»  -  ff,  l.o, ,  it  porfi'cl  Night  In  mtlinulli. 
Hiittllui'ly,  If  I  ho  o|ilii<nl  ByNloitt  worn  perfoot,,  I  ho  Went, 
(iipllml  dip  loi'iii  hi  v  would  viiiiInIi,  Im.,  niit  (f  lit* 
nI onil  of  min  17°  in  I).  IOTA  »  (l).3A3)3  nIu  17*  con  I7B), 
11  nil  If  Vonliirl  loifpio  mid  glutbol  ini'll  lit  worn  mil 
pl'ONoiil,  llio  wool  id  oloi'lrniiiugiioth'  dip  loi'iii  In  I1 
would  viiiiInIi, 

Thl«  iIIni'IinnIiiii,  Iiowovoc,  In  iii'iif Icinli*  In  llio  fill* 
low  lug  noiino,  ll  iinniiiiion  llinl  llio  t'orri'i't  lliiio*uf* 
(light  n  111  it  1 1 d inr  In  hIVoii  by  «■  OJI.'tA  pa.  An 
lloloil  nn rlU'i',  ll  in  uoi'i'NNitry  III  onlllil'iilo  llio  Nhitplo 
nn  no  olri'iill  In  nlvo  nptlmiiiii  i'oniiIIn  uvor  11  wl  nf 
liifllcid  I'liiidllloiiN,  Miiidt  11  m  n  In ntlly  of  1 511  I’mi itl 
i'III'Von,  III  dnillH  llilx  ll  In  1 11  innII  1I0  In  iimolloi'itlo  In 
11  fot'liihi  oxloitl  dm  iiIhivo  lypi'N  of  oi'roi'N,  Iml  ll  w  ill 
iml  Im  pi  innII  i|o  in  nmko  t,„  oMiolly  oiiirool  In  miy 
ovoiil,  Wit  limit  uitiiiK  llio  iiiiionrleiil  vhIiion  of  re 
nInIihii'on  iidnploil  In  llio  hind  ch'oiill,  llio  typlcid  nIko 
of  llio  I  <il  11I  In  li'i'it  I  mill  vnrdrnl  I  'Iiinn  II  oitoi'n  foil  I  in 
hifoiTod  I'ntni  llio  Ninniuiiiw  In  l,,lt(iii,f  20, 


V.  *  HI  MNH  M*  10,1)00  ft  PtANI  Of  ACTION 

*  HONIIONTAt 


OUTIN  NUN»««  IN  IACH  OIU  II  1NN0N  PANAUtL  \  tO  PLAN!  Of 

INNII*  .  PINPINOlWtAN}  MUCIN  IN 

)  NIUIPABIANA 

l''lOI  IIO  'Jll  I  'IlINN  II  I'lTlih*  of  II  |t>  I  II  nIhIiI  HitlllllKl 
pure  tmi'Niill  i'iiiii'ncn, 

ll  iiiiinI  Iio  ovpi't'lod  llinl  nn  oplhitnni  fiilllu'iillou 
for  imi'Niill  fiu'Vi'N  will  fiitiNo  nIkIm  poi'l'oriitmioo  loilo* 
ti'iiomif  iiiiidifdly  wlion  llio  nIhIiI  In  iinoiI  iiKidiMt 
nIi'iiIkIiI-Hiio  ooiii'wh.  TIiIn  In  llio  omul,™  Tiio  olmi'f, 
nf  Mxiiro  21  nIiown  by  how  ihim'Ii  llio  opliliiitin  Hum 
of  llltcht  iiiiinI  Im  Iio'i'oiinoiI  In  ulvo  l  lio  optimum  ditto 


CONKIDKNTfAI. 


!KAI»  COMl't'TtMi  NlfiliTH 


III'  flight  iigninst  si  might-line  courses.  (In  onoli  coll 
‘Hi"  iiiiiiiImm*  npplles  In  an  npproitch  nugie  iif  l)°  mill 
I  In'  nthor  I  n  mi  itppmtmh  miglc  nl'  f>0®  us  hulleitleil  In 
n  lypicnl  coll,)  Those  tiro  also  iipprnxlmiitcly  dm 
pcroonlitgo  errors  in  loud. 


Vd’HlH  SSH  »,  .  }||  KfH 


riHOINtAOt  it  WHICH  lm  0|l  IPUNIUITI 
MUit  It  INCSMIIO  TO  OIVC  lm  »»l  ( ITiAIQH  T  imt| 


I*'h it  in;  J I  Hi'liillmi  tn'inccii  |hii»hii  mill  mi  litiimiir 
I'll  II  Ill'll  llllllK. 

II'  it  iilmikct  poivcnhigc  iimeoiiso  in  wore  decided 
upnii,  in  passing  from  pursnlf  eoiwso*  in  rcctlliiiciir 
courses,  mi  redesign  would  lie  ncoeswmv.  Tim  intro- 
ilimilnn  n|'  n  sulliddy  IIi'IIIIiiiih  target  liiiimiiHlnn 
would  him m it 1 1 j ili^i i  lim  purpose. 

5.5,'  IHIfemil  r>|M>  TiutHm 

'I’ll  I'niii'iiiili'  I Ills  Hi'i'l Iiiii,  Ilmi'ITirl  mi  I  lie  sight  de¬ 
sign  nl  n  change  In  f  lm  turret  t,v|m  i mi,v  lm  considered. 
Tim  riiisslcnl  turret,  nn  whirl i  dm  design  < Iihi-iihhih I 
iilmvo  |h  liiisod,  |ioh|  t  it  him  IIh  gun*  hv  rnliidmiH  In 
or.liinil h  mnl  elevation. 1  Ah  h  rniiHn|imnir  nl'  this  it 
was  tmeossnry  In  dcroiuposc  I m IHmI (i*  delloetiuii  Intn 
ltd end  mnl  vortical  I'limiinimntH,  Trucking  In  mi  ole. 
vnii'il  |ilmm  nl'  nrtlmi  In  imt  easy,  mnl  llm  trucking 
Mullein  is  l'ii>i|iii'iilly  slcpnisc,  If,  nn  limntimr  linnil, 
n  turret  In  imii |ii< iyci I  In  w lilrii  mm  rntminn  In  mI tout 
n  Inngltiidluid  iixls  nf  llm  iiirond'l  (liistend  of  llm 
KMlitiut  h  rnln  I  ini  i  ill  ii  ml  ii  vordeni  axis)  tlmn  n  plium 


'TImis,  ii  «lgtil  lit'iul  mill  min  mlgc  |h*i*|h<iii|Ii<iiIiii<  In  IIh 
Iml'ii  lists  mill  iml'illtd  In  llm  iiKlnilllti  1  till  in  imiviw  1 1  m  l  |  im 
edge  wiimlns  imriilli'l  In  llm  ntlmniti  filmic,  Pm*  IIiIh  mmmii, 
it  I'tnimiTt  II toil  In  IIiii  mill*  mnl  wcoritlui;  ciirwcl.  slum)  lug 
hkiiIuhI  h  |ini'*mll  curve  wmilil  show  llm  t I  h  nf  dm  I iaochI., 
nn  llm  mmi|m«lln  nf  nil  fnimcs,  nn  mi  mch.  (Cnmlilim  tills 
mnl  Inn  wllh  I''Iriii'I)  I!  nf  (Jttiifitrr  4.) 


nl  imtliiii  !»  owtiilillslmd  In  which  llm  guns  may  make 
n  wi'oiiil  rotation,  (If  llm  elevation  rnlRtjmi  Is  0 
mnl  tin*  (ilium  ol'm'tinn  mliillnn  Is  g.  tlmn  sin  $  m  cus 
Kii  win  0,  hIii  Hu  »  silt  g  hum  $,  hum  0  «•  cos  A  (/ nns /?,/,) 
Trucking  should  lm  Improved  In  such  it  wafermtiluit 
lilii'nl,  And  llm  gyro  sight  is  now  simplified  shine 
nil  llm  trail  Is  In  lim  plmm  nf  imtlnn,  Hid  still  n  re¬ 
design  nf  llm  electric  clreiill,  Is  roijidrod  fnr  guild 
results.*1' 1(1 

li  Ims  Iilsn  Ii . .  tlml  it  turret,  lm  Installed 

"If  Ii  Ils  ii  nl  in  ii  i  Ii  ring  Inclined  nl  mi  angle  uf  M*  wllh 
llm  In iriMniil nl  (In  liii|itnV'i«  ulremfl  porfurinuimo), 
Aun  in  llm  sight  will  supply  wrung  IihIIIsIIch  mill  ms 
Sulim  I'oriTM'iloii  Is  min li>.  Tim  nnlvi'  prupusitl  of 
Inniliug  Hu  —  |fi®  liiNli'inl  nl'  Hu  imliinlly  givns  uxci'l- 
Innl  I'uhiiIIsA'* 

(  I  illsilllMTlI  lull  III'  till'  tWo  nXllllipil'H  II I II I  VC  sIlllWM 
ilmtmcil  fur  timi'luscsl  Inlcgnillim  nf  nriiimimiil  mnl 
lire  cult! ml  design,  Murcuvci'i  since  n  cimiigc  In 
imiKKii'  vclucliy  mid  linlllstic  ciiclllclcnl  uf  llm  unnnii- 
"I' Inn  limy  cull  fur  n  redesign  uf  n  sight,  nrilninme 
"Ills!  Iilsn  work  elusely  wllh  nrninineiil  mnl  fire 
coot rol  11  pruihietiuii  nml  idlHxiitlun  schedules  lire  In 
lie  elTectlve,  Ollier  wise  u  scip  mi  wo  nf  iiinilillenllnii 
nr  piilehlllg  upernliulis  I  menu  ms  iieeessnry, 

5.n  (.VHOMOOI'IO  MIC  (ID’S  IN  I’HaiTHItfS 

a*f»*  i  Slni|ilitl<>HtioiiH 

Heeinise  uf  die  rmlienl  iiimnmverlng  u|'  u  lighter 
during  mi  nllimk,  II  Isevlileul  Hint  llm  mil.v  principle 
"u'v  nl  i  hum  I  mi  which  ii  slghl  fur  n  lighter  cun  lie 
I  mm  I  Is  Unit  nf  llm  gyrnseupe,  Hlnce  the  guns  lire 
puliilcd  liy  such  inmiciivcrhig,  rules  relnllve  In  Hu. 
gun  niuuiil  du  nut  even  exist,  There  Is  nn  rousiiu 
"h,v  die  single  gyro  sight  ilescrilied  In  l  lm  prevlulis 
seelluu  ciiuimt  lie  used  Inuiieilinleiy  hy  piirsiiil  idr- 
ri'nlt,  As  ii  Hinder  ill  hml  ll  Is  |iussllile  In  shupllly 
lim  circuits  uiiderliiily,  In  llm  llrsl  Instnuee,  slin’e 
die  elnssleul  lighter  iilwuys  lires  within  ii  few  degrees 
nl  Its  ill  reel  lull  nl  unit  Inn  llm  illlTerence  lieltig  due 
tu  migle  nl'  id  luck  uf  Ihe  guns  ii  fullnws  liuil  nn 
iiliiiwuime  lur  I  mil  need  lie  iiiiideuiid  llml  Ihe  Imllistlu 
culls  mill  circuits  inuy  lie  deleted  lleemise  uf  llm 
diving  mill  dunking  ll  Is  pointless  In  lenvn  In  Ihe 
gritvlly  mill  mid  elreull  sluee  uny  Inputs  wllh  rel'ei*. 
euee  In  llm  fighter  would  he  In  elevwHitn  error,  Next, 
it  Is  to  lie  expected  Unit  lime  nf  flight  produced  eun 
lm  ininle  ipille  necumte  fur  two  rensoiis  (|)  illrectlon 
of  lire  with  respect  in  the  ulremft  nmy  he  properly 
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noglMtad,  mid  (2)  mlihmihm  I'm*  flu*  Nimulmd  pm*. 
mmII,  curve  nlliii'k  enn  he  inudc  mid  will  liitlil,  hIiici* 
Hiin  In  l.*u*  (tucking  nit imt Ion  with  whit'll  (lie  fighter 
•nttMt  emitend  (tint  t*ii(4(i  n|‘  f|^|||(i|*  viti'miH  fighter  tin  it 
iHirviil  t'tMirw*  In  ('(iiml.loroil  In  Hi<i>thni  fUk.l),  Allo- 
tlt'llit'r  imtt  rxpoelM  «(,((, I  iwiiltK  from  n  gyro  night 
IiihI tilled  In  ii  lighter,  pnrtlridnrly  in  view  uf  lurge 
ultsenf  the  t iii-got  mid  the  high  fh'0| lower  ((f  the  lighter, 

. . .  | n*i,l <|i>i i ih  „r  | mckhig  mid  rmiglng 

itltt  *(111  pronent,  < if  con t<m >. 


(million t  lempomtimwif  th(tenek|dl.  It,  i«  determined 
ox|Hti‘linoiit»llty,'«  Tim  tlenlgn  problem,  therefore, 
l«  III  eh t kino  I'l'NlNtuiieeH  Nil  Unit  ,„H  In  hn  elnso  to 
h'(p,  T ,  it)  *i*  ;i«  iiiwNttilo,  The  detnllN  •»  need  nut,  lie 
pniHiied. 

Tnmi.k  t,  Avcmgc  o|ittiiitoii  lime  of  flight  for  tighter 
g.vro  Mglil.  (r,  ,,)  (m<ohih(n)], 

tnowiiiin  . j  rtrmmnmnwiii^^  _ i : . . - - _ 

Hitiigt*  r  Itnliolvii  ui,  iteiiHhy 

hvni-tl*)  Ml  III)  |),i) 


ftift***  (lalllirntioi) 

I'o  eidllirnle  Hit*  lighter  night  11  Nii|<|iunc  (I)  the 
Night  triniKlciit  him  deenyed,  (2)  the  tnrgot  IIIon  ii 

Nlrnlghl-lllieediirNenl  einiNtnni  . . .  fit)  iheloillelK 

leove  III  the  direct  Ion  In  which  the  lighter  In  (lying, 

innl  (4i  rouging . I  trucking  nro  perfect,  AIM  MM 

IiiiIIInIIcn  will  In*  iinoiI  (e„  «*  2,870  I'|ih  nude,,  »  t».  f-10), 

The  rnrreel  lend  A  In  then  given  hy  e<|ini t it »u  (M) 
of  < 'linitter  2  ninl  In 


hIii  A  «*  'j  nIii  i*  *•  >,{  1  k|ii  <» , 

(7  r„  i> 

where  v,  im  iiniiiiI,  Ink,,  i7  -  (r„-Hv)  H  The  . . ol’- 

lllght  innlt l| dlei  /„,  In  iilitnhieil  hy  hiHortlng  A  in  the 
<*<|init Ion  nt  tin*  Night,  TIiIn  In  the  inclining  uf  <*i,|j> 
Itrillluii,  We  IniVe 

.  \ 

/»,-*,  ,  • 

ii  —  hA 

Hy  iinc  uf  evident  expreNNhmN  fur  mid  A  t Itin  lie- 
riinioN 


ti'ii 


f 

/"r)(  I  . +  ,*,,' 

\  l',i  i  I*/.  / 


uheiv  /  »•  i/  |.  t 'iiiiipnlntlniiN  IiiininI  mi  t liin 
I'ormiilu  nIiuu  (I)  Hint  r  In  lemiuknhly  hiNeiiNltlve 
In  I  he  Npeed  of  the  lighter,  <v,  Im  n  »  it.  |!|  (Hi|n  In 
inrlnnnte  ginee  r*  In  nut  to  lie  on  hi|nil ),  (2)  Hint 
viirhitlniiN  In  n  iirniind  0,  t!)  nii*  i|idle  Irrelevnnt,  mid 
(M)  Hint  InerenNc  hi  tnrget  Npeed  mngnlllcH  the  elTeet 
nf  npprnueh  nngle  (lint  I'm*  ImhI  tnrgetN  mic  enn 
euiieoiitrute  mi  lull  eune  upproiu'hcM). 

Avcrtiglng  with  n *» peel  tu  Hkini*  vurlnhleN  which 
enniml  lie  need  iih  InpnlN,  the  Inlhming  tnhle  for 
opt  In  fn  he  iiNod,11* 

The  time  of  (light  iinoiI  liy  the  gyro  In  InverNoly 
liropnrthitnil  In  lie*  Ni|iinre  nf  the  enrrenl  i  In  the 
mngeeull  (Heethm  fl.A.3).  The  pnipiirtlnmility  I'netnr 
K  In,  In  turn,  u  1'imctlmi  of  p,  7’,  h,  where  7'  In  (lie 
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11,2211  11.21  A  0,2111 

n  nm  n  -ma  ti  mm 

It  711,1  IMiMil  ll.ttftfl 

I. <MA  tl.ll-IA  It, MSA 


MeNpei'Inlile  reHiiltN  enn  lie  nelileved  hy  niicIi  eull- 
l*i*«il ioiiH  in  Hfilt «•  iif  Hie  nvernging  mid  lltting  to 
A'  i\  I’nr  cMimple,  fur  enlllier  tl.rtt)  AIM  Mh  miii- 
mimillun  the  mtixiiimni  error  In  Hie  phine  of  nrthm 
In  of  the  order  of  7  mllllrndlmiN.*'  (TIiIn  In  iml  the 
let nl  ( 'lii hh  It  error, ) 


s.n,, i  KflVie  of  Turjirt  (Amii'mc 

Curvature 

A  lighter  till* let*  ill  tuck  l.y  niiulher  tighter  nt  mum* 
Ntnnll  nngle  nlT  lull  will  Ire, |iii*nt l,v  nttempl  to  lii- 
ei'iiiHi*  the  .it tiickcrV  iletleetlmi  mid  ninke  hln  nlinlng 
liinre  i litlleiill  hy  hnnkllig  iin  Nleeply  iin  phnnIIiIi*  to 
er.iNN  Hie  ntlnekerV  Imw,  (The  ipnury  tuny  hIni. 
ilh’i*  m*  nttempl  in  nt iliiK*  hln  propeller  wunIi.)  |*'nr 
ottnekN  In  the  renr  henilNphere,  n  lunger  lime  ill 
lllgln  In  needed  ngnliiNl  Hie  elrenlnr  tnrget  pnlh  Hunt 
In  re<|nlrcd  hy  the  rcclllhienr  pul  ii  The  reuNiin  In 
Hint  the  trucking  rule  ,*  In  the  Nitine  ul  it  given  IiinIiiiiI 
fur  the  curved  |iutli  mid  fur  the  tmigcut  In  Hint  pnlh, 
Mill  the  lueiirvlug  nl  I  he  tnrget  ciiIIn  fur  ti  grenler  lend, 
lienee  fm  uut«l  InereiiNe,  TIiIn  elTeet  enn  lie  , lemon 
Ntruled  n  indy  I  lenity  "*'  The  InerenNc  n*<|ulred  uf  f„ 
enn  he  ""  hum  It)  tu  20  per  cent  lint  the  error 
Induced  hy  itNltig  u  (,„  np|irn|irhite  hi  rccHIIncnr  putliN 
ugnhiNt  curved  puthN  rnrely  exceed*  ti  mllllrmllmm 
fur  expected  emulitluiiN, 

A.o.t  IrrelcvMm'e  of  Angle  of 
Attaek,  Mklil,  Slip,  Offal  ( *iui*i 

It  will  In*  reen lied  I'rutu  Heelluti  it.H.i  Hint  n  llghler 
pllol  nlinlng  hy  eye  iiuinI  timke  n  *llghl  idmltig  ullmx - 
imee  idling  Hie  uicdlun  Hue  uf  Ii|n  Night  In  neeonnt,  fur 
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fill'  angle  (if  attack  of  hlw  guns,  The  gyro  night  ln- 
elude*  Mm  computation  of  tills  effect.*  In  fad,  a 
H.vrn  sight  will  kI vet  tlin  kinematic  deflection  regard- 
lw«  uf  skid,  hIIji,  or  gun*  dollhcmtely  offset  nt  any 
uiikIh,  as  long  us  n  (mill  In  down  an  dictated  by  per- 
fiHit  trucking  anil  ranging,  TIiIh,  In  it  unit,  In  a  major 
Improvement  over  eye  mIhmiiIuk  wliivh  mast  lie  done 
I'nim  n  Hi'imly  flown  nin-iiift  ,  Nn  ilcninnnlmtliin  of 
Mio  |M>liit  l«  needed  since  n  fighter  In  huiMi  h  nltnution 
run  lie  thought  of  nn  it  special  nine  uf  a  turret  lit  a 
bomber, 

a.?  OTIIKM  MIGIITM 

s.t.i  Tli*  K-fl  Sight 

I  he  K-H  elei'trlenl  night,  ivan  used  to  a  limit  is  I  ex¬ 
tent  in  the  Martin  ii|i|ier  turret  of  the  11-21  (hiring 
World  War  II,  ll  in  nine  of  the  tiine-of-fllght 
angiilai'-rale  type  and,  like  the  K*.'I  elann,  measures 


tinnn  of  Urn,  From  the  point  of  view  of  inpiitn  ami 
operation  It  In  mueli  like  the  K-12,  A  n witch  permltn 
(lie  f Ime-nf  lliglit  eidllnittion  to  lie  redneed  by  10 
per  cent  to  counter,  In  a  hhuikct  fashion,  pursuit 
carve  uttaekn,  The  meelmnlsm  will  not  lie  eon- 
nldcred  In  detail,  lint  It  In  worth  while  knowing,  for 
pnnnlble  applications,  Mint  nodi  timlmhpien  have  been 
worked  not. 

it, 7,8  Other  lyfetluxU  tif  Gyro 
Control 

Uyroneopen  inny  be  lined  in  fire  riintrol  In  cnmhl- 
notion  with  foreen  other  than  eddy  enrrenin,  Two 
illlTerent  nchemen  are  nlmwit  In  Figure  22  on  one 
tiirntuble,  The  nieelianlnuin  nhonld  he  sclf-cxphnut- 
lory  and  are  nei  np  for  perfonnuaeo  la  axhmiHi  only, 


ft,7.;t  Gcmuoi  Gyro  Might* 


I’nten  relative  to  the  gun  platform  Instead  of  relative 
to  the  nlr  tnann,  However,  Innteiid  of  lining  a  me- 
ehaiilciil  circuit,  It  coiupoten  elect rlcully,  gcnerallag 
appropriate  voltagen,  ut  Hiring  atteiumtnr  clreoitn, 
Mini  emphiyhig  ultimately  Itn  coin  puled  voltage  out* 
puln  to  ilinpiace  Itn  night  line  laterally  inn!  vertically 
by  motor*,  la  general,  It  will  behave  like  the  K-fl 
In  that  false  rates  a  III  he  generated  when  the  bomber 
yawn,  pltehen,  or  rolln,  ami  la  that  Itn  ilccomponlthiil 
of  delleetloti  leitiln  to  rather  large  error*  at  high  eleva- 


I’be  major  (lemma  gyroneope  nlghtn  were  the 
I1,/ It),  I', /A  I,  I./  12,  and  KZIfl,  The  K/  lt)  In  a  nlngle 
gyro  night  with  a  mirror  on  the  gyroneope  to  deflect, 
the  line  of  night,  (The  ray  from  the  retleln  hlln  thin 
mirror  perpendicularly  In  the  neutral  pnnlHim  no 
that  there  will  lie  no  optical  dip,)  The  I7,» I  In  a 
nlngle  gyro  night  with  the  gym  unit  remote  from  the 
night  head.  The  o|itlrnl  nyntein  In  therefore  actu¬ 
ated  by  motors  controlled  by  a  fallow-up  wyntem, 
Tbe  YY/A'i  In  a  twin  gyro  night  Installed  In  fighter 
aircraft  (I'W  100,  Me2tl2),  The  two gyron  arc  placed 
aft,  one  being  momiteil  will)  Its  an  In  parallel  lo  the 
longitudinal  axis  of  the  aircraft  and  the  other  with 
Itn  h vIh  parallel  lo  the  vertlml  axln,  Friction  dash- 
poln  are  pi'iivlileil  for  nnmothhig  and  the  gyros  am 
bli  ther  roust  rained  by  nprlngn.  tlyru  deflection  In 
picked  olT  by  tiny  pofeittlometern  and  (lie  lend  In 
computed  elect  rlcully.  A  nervo  drive,  emphiylug  a 
very  muiill  two-plmne  motor,  ntippllen  motion  lo  Ibe 
opllcid  nynlem,  (The  Zclnn  teeliiih|ite  of  winding 
variable  polcnthunctcm  mid  eertalu  other  coin- 
poiicnt*  ol  thin  night  are  well  worth  keeping  In  mind  i 
The  10/,  ID  In  a  remote  single  gyro  sight  ,  The  gyro  Is 
controlled  by  erecting  colls  mid  Its  supporting  case 
in  driven  by  a  small  motor,  Through  a  I Imc-nf. flight, 
potentiometer  the  angle  through  which  the  ense 
turns  Is  made  proportional  to  the  lead,  The  night, 
piuameter  In  l)„U  The  position  ,,f  t|m  cane  In 
transmitted  by  nervo  to  the  night  head,  A  polm'lned 
I'l'hty  *>f  lllgli  seiinltlvlty  In  Iinitii, 
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S.«  V 

Tliu  introduction,  Hoolion  5  1,  doflnoH  loml  ornn* 
ptiMfig  nIkIhh  n«  iIovIoon  which  multiply  I  tin  iui«nlitr 
Hitt!  tif  tin'  lino  joining  gun  to  (argot  l»y  mi  iippiiiprl- 
uti!  tlme-of-fllght  until  Ipllcr  tn  got  mi  cMthnato  « it' 
kinematic  dcHootluti,  Hulllmli*  deflection  ts  wpnnttely 
olitiilnoil  mid  combined  with  till'  kluoiiiiitlo  dollootlon, 
Tlio  nlghtH  cuiiHldcrod  neglect  (lie  ritlo  of  change  of 
till  IK"  (n  tit  I  no  oiiiiimt  ONtlnnite  future  mngo  well)  hut 
0 1 tt.V  have  it  miltiihly  ('lumen  tlmc-of-fllght  millll|illoi' 
to  ttmellnmle  HiIn  nltiintlon,  Till'  kiiiiiioi'  I  him  only 
Indirect  ooii ti'ul  ovor  tin*  lino  nl' night  nIiioc  lie  i'iiiiIihIn 
only  tlio  gunn,  from  wliloli  I  ho  lino  of  Night  In  iIIn- 
idiiootl  hy  tin*  iitooliitiilmii, 

Tin*  digi'ONNlnn  ii|‘  Hi'otloii  5,2  iIIniiiIknoh  ht’lclly  onriy 
oyo  i*h  1 1  in  ii  t  Inn  ini*t  I  ii  n  In  IniNoil  on  tin*  riilo-llino  |  irlit- 
Hplo.  Tin*  Nhfihnnl,  MU',  mill  .tp/mron/  S/w.,1 
nii't  hi  h  |h  ill  (<*iii|ii  in  inako,  In  n  inllil  way,  a  lain  I 
cninplithig  night  mil  id'  Iho  kiiiiiioi*  liliunclf. 

Hoot  lull  5,5  ooiihIiIoi'n  tin*  iiinloi'lyhiK  t henry  ouiii- 
iiiini  to  nil  lypcn  nf  loml  cninplithig  nIkIiIh,  Dm*  In 
trnokhiK  error*  tlio  rate  Input  iiiiihI  Iio  niiioiiIIioiI 
lioloro  hi'liiK  iinoiI.  Tlio  1  ionIc  oi|iiolliin  of  llieno  nIkIiIo 
In  iIImoiinnoiI  Hii'iiiikIi  Iho  fiillowluu  pnhitn  (11  (In* 
llltei'prelnlloii  uf  niiii  hi  1 1  ill  ik  an  Iho  (ii'hoohn  nf  InkliiK 
mi  o.v|t(Hioiillnlly  woIkIiIoiI  average  nf  nil  |imh{  viiIiion 
oi  Iho  InioklliK  mlo,  (2)  till*  i|iii>i|iIiik  nf  nptollliit oi*,v 
traokiiiK  ori’iiiN,  (5)  tlio  o\pnttoittlitl  iloony  nf  I'hIno 
IoiiiIn  (mill  nIowIiik  I'nirlliioN  iIomIkiioiI  In  iiiiiiiinlxo  tin* 
•loony  llino),  (I)  tlio  iiiii|i|llloiitlnii  In  koIok  train  on- 
olllnlni'y  night  |iuhitiiiK  oitoin  In  kou  |uiIiiIIiik  oitiiin, 
(5)  tlio  tm»(i  III  liu  nf  n|M*ml  Ii  Mini  Ntnldllty,  (It)  tlio  do- 
Iii.V  In  Iho  nIkIiI'n  proneiitiiflnii  nf  loml,  (7'  I  In*  fool  kin 
ufToothlK  Iho  oliuloo  nf  the  nIkIiI'n  muiiiuIIiIiik  pitl'tiiii- 
"lor,  mill  (N)  iho  iiiniluKUo  I  N't  wool  i  oliloil  IrnokhiK 


ami  loml  computing  night*,  Thu  Mention  eunelitden 
with  it  iIIhoiinnIou  nf  tlmo-iif-fllglit  eidlimttlon  itntl 
Iho  f’liiNN  11  oi'i'oin  nf  night*  hi  geilimil, 

Hoi'thm  5,1  (IInoiinwh  tlio  mcchmiloitl  night*  of  tlio 
Hperry  noi’Ii'h  In  name  dotiil!.  Thu  I  mil-cage  and  turn 
olroult  tlntt  no  I  von  tlio  iirnhlom  In  IiiiIII  up  from  flrxf 
prlnoi|iloN.  Hy  writ  hi k  nut  tlio  ouinplolo  night  mpia- 
tiniiN  (ohiinInIIiik  uf  tin  wo  fm*  the  kinematic  dollootlnit 
oninpunoiitN,  lliimo  uf  Iho  hlitoprllit  Imlllntlen,  mid 
thoNo  KuvornliiK  tlio  Hint  lull  uf  I  lie  option!  *ynteiil)  mid 
Iho  Niiliitluii  uf  tlntt  Nyatom,  tlio  oiiiinon  nf  (’Innn  H 
ermm  mi*  nokii*kiiIoiI  Into  mioli  ooinpui’tinoiitH  iin: 
ih'kIooI  nf  oiii'vuliiii*,  Kim  mil,  foodhaok,  mid  Intor- 
I'liiuiKo  nf  IiiiIIInIIoh, 

HooIIiiii  5,5  In  ooliooi'liod  with  nIiikIo«k,vi'iini'u|iIi* 
oi Idy  oiiitoiiI  nIkIiIn,  Aftoi*  explaining  liuw  it  k,vi'ii 
limy  Iio  iinoiI  in  iiiuiimim  khu'iuulii*  dollool’uii,  tin* 
noIioiiiiiIIi’  iIoIiiIIn  uf  tlio  olooli'iiiuiiKiiollo  NyNloin,  tin* 

•  •piloid  NVNinm,  mill  tin*  olooti'lo  oIi'i'iiIIn  an*  given, 
Tin-  viirlmluii  In  tin*  nIkIii'n  pai'iuuotoi*  mul  tlio  pho- 
iiiiiiii*ii(iii  uf  uptloal  dip  lire  explained  |*'|iiiilly,  tin* 
i'uiii pi nii*ii I  oiiiinon  uf  (  'Iiiwn  11  omii’N  (ciililiml lull, 
iiplloiil  dip,  olnoli'iiiiiiiKMcllo  dip,  ole,)  m*o  rovlowod 
hi  niiiiio  i |i*t nil . 

Hoot  Inn  5,11  (iiiIiiIn  nut  that  iilily  nIkIiIn  nf  the  gyrn- 
Hi'uplo  principle  cull  ho  iinoiI  hi  IIkIiIoi'n,  Tlio  cull- 
hrallnii  nf  Hun* nf  IIIkIiI  In  iiinro  olfoollvo  llinii  t hill  I'm* 
a  I  mini  h*»*'h  nIkIiI  nIiii'o  llioro  In  indy  inn*  illrootlnli  nf 
Hii*  mul  nIiii'o  IiiiIUnIIi'n  may  In*  iiokIoi'IoiI  Till* 
oallhrallmi  InkIvoii,  Tin*  nooiIiiii  onliNhioi'N  hliolly  tlio 
priihloiii  nf  lltthior  vermin  HkIiIoi*  (ourvod  lai'Kot  path) 
mid  Hu*  rollalilllly  nf  kliiounillo  load  I'niitpiiliillnii 
"hoii  Iho  IIkIiIoi’n  gnim  ni’i'  lint  pnildod  In  tin*  dil’oo- 

•  ii  hi  af  IIIkIiI, 

Hootlnn  5,7  NiipplloN  brief  iloHi*rl|ill(iliN  nf  Iho  K»N 
olootrloal  nIkIiI  ami  viii'Ihiin (ioriiimi  gyrnnenpio nIkIiIn, 
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CENTRAL  STATION  FINK  CONTROL 


»'•>  INTKOIMICTION 

ri.U  AtlVHIltHtfOM  Villi  lOgCM 

of  Homolo  C '«»«i | r«»l 

("'ll'.NTti  At,  mtathiv  Hu1  mul ml  [~( * |*'( '  ]  i *,  mi  Mnim* 

J  »"'Md  . .  In  which  ii  khihh'I'  liiivlnd  mi  „ 

hIk'IiIIiik  id  Ii  iii  In  mul  |im|  n|'  ,m  mtvmfl  ,11,11  i,|m 

llllll  l!ll'  KIIIIH  IlK'll  1 1 'll  ill  „  Hll'IVl  m|  HI  II  III*  i,||||i||  |)n,f 

"I  Mini  olicinri,  |i'i»i'  thii  M-'ill  mIi|iIi,iii'(  I'oi'  cxmiipli*, 
HIV  Iw-ii  2  X  II, All  Ii|)|ii>r  iimvlM,  two  2  X  (I, AO 
Mim*lMt«  mul  mic  2  x  O.AO,  I  X  211-imn  lull 
Iimt(*i,  I  lii'ii1  1111*  mImii  II  vi*  hIkIiIIhk  mi  ii  ih  him:  h 

1  l«*(|l*Hl  It  I  Nl  III  lull  III  I  III*  11, INI',  II  I'IiiijhIhIiI  Ml  llllll, III' 

,UM'  l"'1  | »i*i l«*i*l n I  mIiIi'-MInImi'  mIiiiIihim,  mul  11  lull 
(H'l li'Hl nl  nil, linn  Till'  I'lillll'nl  ill'  |||C  IiH'IvIm  liy  l||i> 
Hlttlll  llIK  Ml  II I  |i  HIM  Im  III  '\ 1 1  i|i<  mi  III  l|  II  Ml  II II  t  Il'M  1 1||'|< 
III  rvillllll*  Iflllllll'l'y,  Tin*  I  M  il  1 1  PI |I*C  I  IIITI'lM  Mil'  IIHV 

1  '"Uni  hy  tln<  ii|ip,i  mIii t Inn ,  Tl„«  liii'wiifil  linvi'c 
Imivl  Im  iimli'i'  |»rlinmy  iiiimi*  n hi l ml  mul  Memnilury 
IiIImIih’  i'iiiiIi'hI  Tlii'  ri*in  InHi'c  Im  iiImii  i'ihiI mlli'il  | iy 
ill''  IiIImIih'm,  TIii*  (till  1 1 1 r n't  Im  mu |«>r  pdmiirv  lull 
i'lillll'nl  11111I  Mi'i't  h  11  In  rv  IiIImO'I'  i'ihiIi'hI  i  'll  1 1  im  r>  cimi 
*•'"1  imiMl  ln<  ri'li'iiMi'i |  1 11 '|i ii','  Mi'i'niiiliiry  I'uiilrul  |m 
ll|  H'lllllvi', 

Mi'limli'  I'liiilml  linn  ntiiliy  inlvmil iihi'm,  Aiiiihik 
llii'M,'  limy  |ii<  IImIciI  ip  uniiH  mill  khiiihtm  mny  In* 
1111*11  ti*«|  in  1 1  ii*  1 1  n  im  l  I'lTi'i'tlvi'  1 11  im  i  I  |m  1  h  Ini'  I'liM'i'ii^i* 
illiil  Ini'  vImIiiii,  (2)  Iiimm  nl'  11  mI  11 1  Ii  Hi  iIiwm  mil  nmiili 
IlIMM  nl  I  III'  KOIIMi  (Ml  1  In'  I  IIITi'Im  him  >  III*  Ml  Mil  III 'I  llllll  m,i 
IllTlII'll  1 1 'MM  1 1  I'll  K  (III  III,'  tlllpllllll',  (  |)  |m<MM|||'|KlltllHl  nl' 
llin  nli'i diiiu*  |m  mIiiiiiIIHi'iI,  hihI  (A)  din  IIiIiik  nl1  dm 
KUHm  ilni'M  in >1  1  HmI iii'li  ill,'  liiii'klliK 

•  •11  llm  nllinr  limn  I  llmiv  mv  i>i|iinlly  ii'iil  dUiid- 


"  I  In'  m.vmIhiii  |m  i'iiiiiiiiIIIi'iI  In  ii,i|ii>r>lmvi<i>  l,i*ttiNp|i«>«i< 
t'livi'i’iiKn,  If  mi  11 1  f  iii'li  Inn  |ilutiii  i'Iiiiiiki'm  I  it'in  |m)  iIici'I'm  Uni 
•JIM H'l'  KHIIM  IIIIImI  CI'IIMI'  Ill'll  (Hill  I|||<  Imvi'l'  KIIIIM  Ink,'  IIVI'I 
Hlllllllll  III,'  IlfHI'l'  KIIIIM  III'  lllllllll'll  III  III,'  HI’lillK  Mill,',  n h  Ifll'V 

iiHKht  H'i'll  Im  will'll  dll'  nil nliinit  In  Milder  i*ihii>iIIiimIi>iI  nllni'k, 
Hid  limn  |||'I||,V  In  Ih’ImkImk  Dh'Im  In  Imur  In  enriviH  dnOni't Im, 
)himIHiiii  limy  In'  mi'I’Iiiiim. 


VllllllWH.  Alllllllg  lIlf'M,'  HIV  tl)  Mil  lt,!(i!  1-loiSiil  I'OI'. 
11 M’ III  III  Inr  1 111  rn  III  1  \  ilim  In  dm  initli'i'iul  iIIm|iImi'ihi)|'||| 
"1‘hWh  Him  mid  Kim  Him  iiiiimI  Im  itiiidn,  (3)  Iih'mIihi 
nii'l  Ih'ihIIiik  nl’  dm  nlri'i'iil'l  mi  riiiM  mv  ntuy  druMlIi'iilly 
impnlr  ImniuiiilxHtliiii,  (II)  tvliiilvidy  Imiivy  mid 
cniiipli'X  r<ill«m»il|i  Mynli'iiiM  nl'  cnidinl  uiv  imcilcd,5, 
mid  (I)  dm  di'liiyn  nl  dm  l‘ullnw*ii|i  MynlnniM  ihu/i  Im 
McdniiM, 


ft.  1.2  lllniiimilH  of  Oiitnil  |*’iro 
Cnnlrol  SvnIi'iii 

Tim  ImimIi'  id, >1  mm ( h  nl’  llm  ciilml  mImIIiiii  lln*  cnn 
d'nl  MyMlniii  im-'  m  mIhIiIIiiu'  MliilliHi,  m  l'iillnW'-ii|)  m.Vm- 
li'in,  11  liinvl  innvi'd  hy  llm  I'nllnw -up  dm  dli'titlnd  liy 
llm  nIkIiIIhk  mIiHIihi,  mid  h  ,*, niipn I nr  cniitmcliiiK  llm 
mIkIiIIiik  hIiiIIiiii  mid  liH'ii'l,  Thi'  i'ni)i|)iiti<i'  cm  1  imi'm 
dm  kiih  liiid  tn  differ  I'n  1111  dm  hIkIi!  Him  l»y  mi  mini,, 
Jimi  III  run  i'ImmikIi  In  miM|miiHidi<  I'nr  llm  ivlidlvn  11111- 
dmi  "I’  llm  Iiii'kiM  diiiliiK  llm  Hum  nl'  IIImIiI  nl'  dm 
Imllnl,  III  I'limpi'iiMidt'  for  dm  dlvergcnct*  nl'  dm  hullcl 
"  hIiiiIkIi)  Him  idlilhitlcd  In  IihIIIhIIi'  nffimlN, 
mul  in  i'ihh|m'||mmIi'  Ini'  |  hi  hi  lln  x. 

Tim  t'nin|iiili'i'  . . Ivn*  cuill IliltmiH  InptilM  nf  pivu- 

''id  I'l'iU"  mid  liili'i'id  mul  vt'i'l lent  0'imkinn  ridi'M 
Irum  dm  uniiimi'  w  Im,  l,y  k,*i*| iIiik  Mm  Inrun).  Hpnimm |( 
mi*;m  11  pnli'iidmimini'  pi'iipi'fly,  mid  liy  konpliiK  <1"' 

I iii'Ki’t  I’ciHnivd,  nmiMi'M  two  K,vmm*ii|H*M  In  net  up 
I'I'i'i'I’mmIhihiI  lui'i|iinM,  Tim  cnm pi  1 1 i>r  iiImii  ivc'Ivcm 
dm  iixlniiidi  mid  nlnviillnii  nl'  dm  mIkIi!  Him  iiidn- 
"inllnidly  liy  h,'|mvii«  „l  llm  Mlglilliig  mImIIihi;  mul, 

Ihntll.v,  . . Ivin  idilf min,  ti'ii,|mi'iduiv,  mid  nh'Mpni'd 

I'nmi  11  IiiiimI  mmI  n|  mini  ml  liy  llm  ihivIkhIiii',  I'mivIIhx 
mnl  dm  IiiimIc  ImlllMilcM  nl'  llm  mnmiiiilllnii  imnd  mv 
I  mill  Inin  dm  I'nnipiid'i', 


'  lint,  ni'Kli'i'ltnK  fiillmv  M|>  i'i|iil|in„*iil,  llm  llllll  ihvumiihiI 
In*! nil,, ll»»n  wvIkIim  11,1011  |h  1  wlmivii*  „n  IimImIIiiIIiiii  non* 
MwitiiK  nr  two  iMiii'lln  n |t|,ni-  OiithIm,  twn  I, nil  OiiwIh, 

mnl  mm  t  'i>it»iili<Oilc(l  lull  tnrti'1,  pi  mm  live  K«N  mIkM*  wimiIiI 
wvlttli  4|0l-t  In 
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fl.i.i  Hvetriction  of  DinfUMNioti  to 
2CII  Computer 

In  till**  clmpt-vr  tlio  until  in  of  tho  typo  2((ll  imtn- 
pit  top  IIW'il  In  thin  Mynttun  will  tin  MikIIciI  In  (li'inlj. 
frii<'  Iri’nlt iii’ii l  In  tlioiiwtleiil  mnl  Ni'honmlio  rntlier 
tlmii  mooliHiilcitl,  TIh»  Imptirtiwit  i|H«*hI|<iii  of  nvomll 
IK'lfiimiitiicit  nf  Hu'  (fiiiiiioi-tiii'iti't  n,vnIoiii  In  not  iIIn> 
ciinni'iI,  Tli In  In  |>rn|iiii'ly  u  nmltor  of  clii.li<irnlo  ox- 
poi  liiniitiit  Ion  I  mf  1 1  In  llio  nil*  mnl  In  f  )nt  In  I  Hirit  I  (try , 
Nor  uro  I'oimlili'riitloiiN  In  tlio  liii'tio  mtoh  hn  tin*  i|n„iKi, 
in  forimitJoiiN  for  inn.'iliiiiiiii  mnl  iiimnI  nf|||iji<m 
|Miwt*r  rovi'Cimi*  "f  tlio  ntlni'k  rt'nlon  nmiiinl  tlio 
Ki’oiip,  mnl  Iln«  Nii|i|iurt  llii*  1 1 n (I ih >i 1 1  ooiin|i|oioiI 

‘>•2  hash:  iiikomv 

TrjiJeetory  KqimtioiiM  In 
V«««.  tor  Form 

Tlu>  lyin'  ift'll  i'uni|ii||i>r  (di'oi'inl  IOIim 'trim  (,h- 
HinnoH  Ihitl  ilic  ini'ni'l  iiiovi'n  In  it  hi i'k lull i  ||iii>  mi 
I'tniMiiiiii  K|ii'cil  ilnrinu  tln>  Him'  of  IIIhIiI  of  tlie  |n-n. 
Ji'i'lili'.  ||  in  nt'i'i'MMiiry  lo  roi'iiNi  I h<>  ilnllortinii  theory 
ol  ( 'Iniptor  'i  fur  HiIh  hIiiimiIoii  to  «>\|ilnln  niloipnilelv 
tin1  fiiio'f IoiiIiik  of  llio  i'niii|iiilor,  Tim  iin>t Ihx|m  n 
voolor  iilKi'hm  nrc  iiiohI  n|i|»ro|)i’liilo."“  f 


(fill!  (IINI.IUKKI  Imfwoon  iron  mnl  projoftlln;,  mnj  Du 
(llio  (llntriiioo  I mt wooii  dm  olwrvei-Kiitnirr  mol 
|>rojootlli>), 

Tln»  fiiinlmrioiilnl  o.pmilim  nwil  in  iloNlgninjc  the 
oinn|iiitor  inny  ho  ohlnlnoil  romllly  from  tho  flgnro, 
Kvlifont  IrlmiKiilm  roIntloiiN  tiro 

P  »  R  4-  Q,  Do  “  Du  4-  A,  tin  «■  v„  ■+•  Vr/( 

Du  »  R  -  tfVu, 

wlioro  I,  In  tho  (lino  of  lllglit,  mnl  u„  In  the  Npoml  of 
ili'jnii'fiii'o  Nolo  I  lint  IIiono  m*o  noli'ly  tmjoi’lory 
ooimliloi'iitlotiM,  Tlie  |iroNi'iioo  or  nlmonoo  of  n  Imuot 
In  Irrolovmit.  Hlnno 


o.i , 


llio  illmvo  I'l'lii I iniiM  ooinhllio  lo  ylolil 


wlioro 


Mu  M\\  .  Mn  _ 

V"  -  /(D„  4  /( A  4-  /(Q  4  N 
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Aii^uhir  Itnlll-tlo  mnl 
Ptmillux  Correct  Ioiih 


Kim  ni'i  I  IlimnoN  In  ii'iiM't i*  unoiii'i  v 


I'lKHi’.'  I  nIiown  tho  Hlnecl  iiiiiko  (iIIhIniioo  oovoroil 
In  llio  nlr  nniNN),  R,  mill  llio  cnneNpoinlliiK  Nlnool 
oooi'illiiHti'N,  P  (inoiiNiiroil  nlniiK  llio  lino  of  iln|ini'liiio 
to  n  | mint  illrootly  nhovo  llio  pi’njoetllo),  mnl  Q 
(inoiiNiiroil  In  n  vortlonl  plimo),'  It  nlno  mIiowm  tlio 
l»>0  1'nfiii‘M  I'HIIKON  Iiooiilim*  to  I'oiimlo  Kinmoryi  D„ 

’  Holt  vnnlni'N  nio*ry  Mm  *ntHMirt|it.  I, 


ll  In  iioi'CNNiiry  lo|oit  IhiIIInIIon ninl  |in rullitx  olonrly 
hi '  low,  To  do  no,  inti'inliioo  1  wo  vih'Ioi'n,  B  mnl  P*, 
iiirh  iwiiiriuhriiliir  In  th<  iiiitalr  I'r/nri///  v,,  Tlio 
I  in  Hint  lo  voi'lor  B  U  flli'i'i'toil  from  llio  lioro  iixIn  In  llio 
|iroji'olllo,  It  InolinloN  Imt li  trull  mnl  urnvlty  ilrn|i 
mnl  hiiI .frill |m  iii  llio  mm  the  1 1 it nl  InilliNtlo  ilolloollon 
""ttli'  ( .Mlioir  oITooIn  niioIi  n m  wIiiiInko  Jitniji  mnl 
flrllt  inc  in  uli'oiml,  |  Tin*  |m rti lln \  voolor  P*  U 
ohlnlnoil,  in  llio  tl  I'm  I  liiNtntirc,  iin  llio  |ioi'|ioinllimlni‘ 
Irino  llio  nIkIiIIiik  nIiiIIoii  In  llio  Imro  iinIn,  Tlio  i|In. 
hnioo  I  ton  i  llio  kho  iiIoiik  llio  Imro  msIh  lo  llio  pi  ilnt 
ol  origin  of  H  |h  0i Vn  wlioro  0|  in  iii  ho  iloloriiilnoil, 
HI  n  1 1  In  rly  llio  iDnIiiiioo  froiii  llio  koii  iiIoiik  i|io  Imro 
iinIh  III  llio  imliil  III'  toriiilimtloii  of  P*  In  r,v„  Coiino. 

•  inontly 

Du  *  P*  I  f»*i  -  i'k)Vu  4-  B.  (if) 

II,  now,  llio  voolor  (i’i  ~  o»)Vu  In  iiiovoiI  | m in llrl  In 
IlMolf  no  iin  In  oimiiiiilo  Iii  on  tlio  nIkIiHuk  nIhHoii,  I  lion 
P*  nnty  ho  IiiovoiI  In  J„|„  fo,  -  lyiv,,  lo  B  TIiIn  In  n 
Noimiul  Inloi'iiioliillon  of  P*  mnlot'  wliloh  It  mill* 
IoihIn  nt  I iio  Kim  llio  | in rii I Im,  iiiikIo  A,„  Tlio  ioikIon 
Ad  ninl  A (i  nro  onlloil  l  Iio  n/if/nhir  ImUiitliv  iwm<f(vn  mill 
tlio  uiif/iilnr  immlhrr  miwtion  roN|iootlvn|,v,  The 
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next  tank  in  in  imitlyieo  tlio  atritchiro  uf  B  him  I  P*. 
Cnmponondidly 

B  «  f’jVii  4-  i'4v,i  -  Q, 

P*  **  I'jVii  ~  A. 


To  determine  llu<  four  qiiouf it Iom  n,  f»,  <%  ru,  f \vu 
f-oiulit  mil  ohinlncti  |iy  taklnp  I  Ilf  dot  produot, 
of  ('ill'll  of  tlio  preceding  two  ri'liitiiniM  liy  v,».  Tlio 
tliinl  mill  fourth  oondidoiiN  arUo  if  B  mill  P*  tiro 
ioiI iNt  It  nil'll  III  «'i|imt  Ion  (2)  iiihI  t  he  ruHiilt  liifjc  cii- 
oHii'li'iiU  (<■  mi| hi i'i>i I  wiili  tliiwit  of  <>i |im tlmi  (li  Olio 
tlml*  that 


i'i 


h'u 


i  a  ii  y, 


) 


con  7,  , 

i’.i 


I 

Cj  «•  oiin  y  (  , 

I'n 

V  y  ,  I'* 

<•»  «  on*  /  +  con  y()- , 

ii,  I'niiii 


i'i 


a 


ii  lioi'o  y<i  I*  tlio  nnplo  hi'twoi'ii  Imre  a\in  ami  pin 1 1< uni 
vclooily,  >  i  Im  liio  imple  lii'twi'i'ii  tlio  voolor  A  mill 
llio  I mii<  a\U,  ami  7,  |h  tin*  xcnilli  miplo  (tlio  nnplo 
llOtWl'I'll  till'  Vl’l't  ll'll  I  0  uni  ill!'  III  iCI*  h\Im) 

it  ii  coiivoiiii’iit  I'm'  tlio  hoijiioI  iii  ro  1 1 1 i'i*  I'lfiini ion 
(2)  to  tlio  mi'hIo  of  V  it  III  unit  voetor  In  tlio  illi'oi'llon  of 
v„ I,  OIvInIiiii  i if  i'i |imt inn  (2)  I iy  (i'i  —  C|)i>„  will  yield 
tlio  I'i  uni 

MiO.ii  -  v ,i  -f  p  f  b  (it) 

(W  o  nIiiiII  not  atop  in  "  dlo  mil  in,  p,  ami  b  explicitly  ) 
Tlio  foi'in  (ill  ii  inlo|)toi|  mIiii'o  i>  «■  tan  A,,  mill  l>  — 
tali  At, i  in  dial  /i  mill  h  tlii'inii'lvi'H  ai'o  I'Srolloiil 
oat  1 1 1  ill  1 1  *i  of  tlio  ( wit  mipnlnr  oniToetiniiN. 


ft.3,n  Klm’iinilli'  Defici  t  Inn 

Vi  n  linal  «to|i  in  ohtniidnp  t in'  liinii'  i'i|iiiitlniia  lo 
ln<  iiii'I'IiiiiiIroiI,  tlio  tmpot  anil  It h  truck  nro  hit m- 

ilili'i'il  Hinci'  . . .  linio  iioi'ii  iIInIiiInhoiI 

iiliovo,  only  llio  kliioiiiado  ilolioctloii  nooil  lie  de- 
iliii'i'il,  If  Vi  la  dii'  target  velocity  nod  r  ii  llio 
pri'miit  range  (t  lio  range  at  I  lie  iiiitiint  of  tire),  t  In  n 
f'e/ii/b'o  In  llw  nlmuwr 

On  **  r  4  (vr  -  v„)l,  •»  r  f  rl„ 

"Ill'  ll  In  an  exact.  expandou,  nIiico  tlio  I'oliitlvc 
tui'pot  |(idli  la  ati'iilmlit  and  din  lurpof  Npood  In  ciiii- 
nIiiiiI  lint  r  «•  iii  and  f  *-  hi  4  rm  *  ri,  wlii'i'c  w 
la  tlm  imgnliir  trucking  voloi'lty,  (Till*  in  tlio  I'lidliil 


rnto  ifi  jiliiw  llio  normal  mto  m  *  r<  wlumn  mugnl* 
fluid  l«  rw  «  I  *  »!n  ir/2.)  Using  till*  valiio  foe  f,  tvs 


find 

mi 'Dm  *  fi  +  nl/ui  *  ri  «  ri  41  Av, 

(4) 

tvhoro 

,  Mu 

in  «  ,1, 

r  4'  rt. 

r 

II  —  ~r—  i 

r  4-  rt. 

mid 

At  *•  nl/<a  *  ft . 

ffd 

Ifni  w  x  ri  In  |H'l‘|<oinlii'lllni‘  to  fi,  mill  iiIho  to  u  nIiii'o 
w  In  |ioi'|ioiii|li'iiim‘  to  r i  llonoo  A In  to  ho  In* 
tni'iii'ctod  iin  the  kininnutic  ilnjlviiinu,  Kinnlly,  nIiico 
fi  k  (u  k  ril  «  w,  llio  trucking  voloi'lty  In  pi  von  liy 

w  **  ri  k  Ai  .  (d) 

til, 

ms.!  Tliitr  of  Flight 

Tlio  tilin’  of  liiphl  I,  In,  hi  riot  ly,  a  fiini'l  lull  of  Dm 
Vi/,  v„ i,  mid  dii'  relative  ImlilNtlo  mr  iloimlty  />.  Ihil 
I1,,,  and  p  emi  ho  rcgimh'd  iin  pmmiioloiN,  l  o.,  iii|intN 
noI  in  hoforo  an  ultiiek,  and  |<ro*ont  range  r  In  to  ho 
iinoiI  liiNtoml  of  Cut  mi'  range  llonoo,  wo  tvrllo 

i%  r„i).  (7) 

Hiiii'o  tlio  voctoi'  rm  In  an  tii'giimont  It  In  oloar  that 
i/iViv/ion  of  Jhv  In  to  ho  tiikon  into  aocninit  li.v  till* 
*>’*10111 

a, I  l»  mill  A  Mil  *M.HTIN<;  MTATIOM 

r*. :t.  t  System 

I Irlof  prefatory  loniiiikN  on  tlio  fo|low*it{<  inooli* 
IIIiInIII  "III  NII|I|||.\  hot  toe  I  M’lolltuf  lull  for  wlllit  fllllllWN, 
Cunt  ml  oiiiinInIn  of  (I)  a  fiillii\v*ii|i  Nyatom,  (2)  n 
ooiii|iiitiu)t  milt,  mid  (if)  misllliiry  olronltN.  Tlio  limt 
uf  tlii'No  I*  m | di  liy  iIIniiiInhoiI  iin  lioinp  of  I'nKinoi'rlnp 
IntoroNl  only,  Tlio  auxiliary  circuit*  a  rot  Ntartlnp 
circuit*  fur  the  rot  at  lap  mnrlilliory,  llmltmwlti'h  clr* 
oiiIIn,  llrlnp  I'li'cnitN,  i'oiitrol*trmiNfoi'  circuit*,  mid  tlio 
like,  Tie  folio" -ii|i  N,VNtoin  limy  ho  conNldorod  In 
Nliplitly  proator  dotall  nIiico  It  linlicntc*  that  roninto 
Koiiiiory  ili ion  mil  iiho  tlio  dlNtiniicd  rotlolo  prlnclplo 
of  Clntplor  ft,  HnppiiNo  Unit  the  oonipiilor  Im*  In >i*ii 
roiimvoil,  Tlio  iipondiir  imivo*  h,v  hand  n  llplit 
I'liiiidordmlmiri'il  Nlpht  lioinl  Tlio  niiIo  jnli  of  dm 
follotV'tip  HVNlciii  In  In  muko  tho  pun  dlroctlon  vui 
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exactly  tin*  same  in*  tin*  sight  line  direction  ft.  (In 
a  disturbed  rat  Inin  system  the  operator  controls  Vm 
which  In  turn  ilh'lutei*  ft,  There  I**  nothing  In  the 
concept  of  remote  gunnery,  however,  Mint  precludes 
tlie  line  of  the  disturbed  reticle  system.) 

I'he  follow-up  system  Is  schema!  I  mat  In  Figure  2 
The  selsyn  generator  measures  sight.  position  hy  the 
|Hwltioit  of  its  rotor  mid  transmits  this  iiosltinii  to  the 
selsyii  eohfrol  transformer  which  measures  I  lie  dlffor- 
eoee  between  gun  mid  sight  positions,  if  a  differ- 
enee  exists  the  error  Is  sent  In  a  viu  inim-tnlie  miipll- 
tler  whleli  I  mil*  Is*  up  the  signal  siilllclently  tn  eon  I  lol 
the  output  ul'  a  */*r  mnplldyiie  geiicralur.  The  out¬ 
put  nl'  this  amplhlyne  generator  emit  nils  the  d-c 
turret  nuitiir  whleli  drives  the  gnus  Info  parallelism 


Idol  lll'i  V),  t'nl|im-ll|i  »\ si'lii'iMHlit’.  (1 'iiiiclnsv 
lit  lli'iii'iiil  Mteeifii'  I  tmiimiiv  I 


with  the  sight  and  nuises  the  error  signal  to  vanish '' 
(The  iM'i'iillar  mlvanlnges  of  the  mnplldyiie  geneuilor 
urn  that  the  output  volt  age  goes  lo  its  line  I  value 
very  rapidly,  and  that  a  very  small  Held  current  of  n 
few  mlllluiiiperes  is  reipilred  In  |ii'islitee  full  voltage  ) 
'I'he  d  in  mot  nr  Is  simply  a  motor-general  or  set. 
whleli  takes  de  and  supplies  ae  lo  the  welsyiisaml 
servoampllfler.  In  the  aelital  system  two  sets  of 
selsyns  are  used  since  a  selsyn  ean  be  In  error  by  0,5". 

'•Nee  dethilOiai  of  a  snrvomerliinilsni  In  fuolaule  to  Hoc- 
lion  H.a.j*. 


The  line-speed  selsyus  make  one  revnlufluu  for  each 
revolution  of  fhe  turret  ami  so  eorreet  gross  errors, 
The  ,'il-speed  selsyns  make  31  revolutions  for  each 
revolution  of  t  he  turret  and  ratine  the  work  of  the  one- 
S|«>eil  selsyn  to  yield  all  error  only  'in  of  that  id  the 
one-speed  mill, 

fi.4  TYI*K  2(111  COMI'IITKK 

to  I,  I  Tin*  I’midem  for  the  Computer 

The  problem  put  to  the euin|iuler  Is  the  meelianlKa- 
thai  of  eipiatiotis  (If),  (I),  (5),  mid  (7),  In  opera  1 1  oil, 
Il  is  an  lutereslhig  eomblnalloa  of  gyrnseopie  proper¬ 
ties,  veetur-meelm  ideal  eniisfrill'tiuus,  mid  a  shifting 
buck  and  forth  from  electrical  In  meelianlenl  slgiinls, 
It  Is  not  nilciilitl log  foi'imiliiH  lint  Is elTeel I vety  solving 
vector  «•* (tut 1 1* ms*.  The  radical  dilferenee  between 
the  ill'll  eompiiter  end  those  lend  eonipiiting  sights 
considered  in  Chapter  5  Is  t Ini t  the  2('ll  Is  a  con¬ 
tinuously  correcting  system,  that  Is,  the  answer  at 
hand  Is  continuously  emu  pared  with  the  answer  re* 
'piireil  by  the  Inputs,  mid  steps  are  taken  to  correct 
the  gun  pusHiiiii.  The  net  result  of  the  computer's 
working  In  conjunction  with  the  follow-up  system  is 
to  displace  the  guns  from  the  Hue  of  sight  by  a  total 
ieail  angle  A,  by  which  account  Is  taken  of  the  kiuc- 
mntle  dctlcctinii,  nl'  biilllsth's,  and  of  parallax.  Kine¬ 
matic  correct  Inn  pays  ntteiitluu  to  the  true  rule  of 
rotation  of  the  gun-target  line,  since  gyroscopes  are 
used,  i  c.,  the  rates  are  out  relative  lo  the  gnu  imiiinl . 
Hu  Hist  lea,  however,  do  depend  on  orient  til  lull  of  the 
gnus  with  respect  tu  tin'  gun  uioiiul. 

a, t, a  1C  lipid  licvli'H  of  Method  of 

Solution 

'I’n  emphasise  (he  iinlnre  of  the  device  as  a  eon- 
tlmioiis  eomparator,  one  can  stall  with  the  total  cor¬ 
rection  1 1 lot nls  In  discussing  Figure  !!.  Huppuse  that 
(lie  mtnr  Inis  a  certain  angular  displacement  eor- 
respnmllug  tn  some  assumed  Intnl  lead  A  Suppose 
that  this  delleellon  Is  nut  Hie  eorreet  total  lead.  The 
output  of  tlie  correction  motor  goes  In  differential 
selsyns  which  are  also  supplied  with  the  inslnuith  mid 
elevation  of  (lie  sight  Hue  ri  through  signals  front  the 
sighting  station  selsyn  geuernlors,  'i’he  eleetrlcal  ills- 
phieeiiicnt  of  I  lie  mint’s  of  the  differential  selsyns 
corresponds  to  the  mm  of  sight  posllloti  and  total 
lead,  and  the  guns  are  positioned  ai'rordlng  lo  this 
sum  ft  T  A  hy  the  follow-up  system, 
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SCI 


ALTITU0K 

riMsimmisi 


AUITUO* 

V#  (I Alt 

TEMsenATune 


t'Kii  Mi)  it  Him  M‘lii<Miiii|i>,  iv|m>  ill'll  cniM|mii*i', 


The  illlTei'eiitlnl  selsyn  l«  ulmi  mu  to  Intuit  milt* 
"  I t'ti tinln Ii*  i‘lci'l ilcii I  unities  Into  mei'hmiinil 

'nines  iiihI  mi *ih I  mi  preseiit  ttnii  t m i»i 1 1< in  v„i  t •  •  |minl- 
liix  mill  I  in  IIIm!  Ii*  units,  These  mill*  <li<ti*i'iuiiM*  t  In*  eur« 
ii'i't ImiM  p  mill  b  mill  liimsfer  lliimi  In  n  pn u 1 1 *wrn | ill 
"hleh  iirtunlly  iii'ifiiiniN  n  verier  in  It  I  It  Ion  n|'  these 
I'vn  i|iimiillli'H,  Tlm*  hiii'  1 1 1 1 >i it  in  iIim  |iiiii'iiil(iiiicl('i' 
n *r»i»lvi*i*  I*  p  j  It 

*  ’iiinIiIim'  tlm  eflmr  nt| nit  In  llm  resolver.  Tlit>  out  - 
I'll*  <•*  llm  euri'erl  Inn  muter*  hiii'm  Iii  I  lie  ii \Ih  ei  inverter 
"lili'li  »l*u  liM'i'lvi's  hi i ii  |ii ih|| Ion  from  (In1  liifini  mill . 

rill'  Cl  III  VI  Tl  IT  I'l  Kill  lIlll'H  u.  on  I II  ml  dull  mill  tlltll!  Il'llll 

tu  pi'mlnee  I iy  it ii't'lijti ilcii  I  I'utiht  nii'diiii  tliu  milt 
1 1 rcMi'tit  inline  vector  ft.  Tim  }n ttcid l< iini'ti'r  resolver 
|mrfnriu*  mi  u|»i'i‘iillitn  ci|itl vn lent  tu  i>)| inlmi t- 
lt»K  Dm  between  llm  i>ipiiitlun» 


Hill  I 


mi  Dm  »•  Vn  T  p  T  b 

mi'Dhi  **  fi  4*  At, 


mill  iiruilimi'HiiH  Itn  out (mt  dm  nssimicil  kliiemtitli'  i|e* 
llei'dnii  ,\i  i'uiTi'p<|iiiiii||iin  in  llm  MH.Mitnici I  t ut ill  li'iiil 

It  wm*  . . **my  In  nliliilii  Ai  hIiii'I'  this  vulim  must 

lie  rompmi'il  with  llm  rnli'-iium  vulim  from  dm  time 
rlrenii*  mill  (tyros, 

I  Im  dmi'-uNlltdit  eli’i’itlt,  which  lilts  present  nuiye 

(iiml  I'l'l'lnlli  lain . ter*)  n*  lii|iiil,  Iiiih  u  tutnl  eli'e' du 

ci'mImI it iici*  iilf,  t  ’niiMei|imiitly  tlm  entfeiil  IIuwIiim;  In 
tlm I'lienlt  in  (I  nt/)Ati  mill  It  In  tills  ciiitciiI  dint  join's 
In  tlm  (tyruscnpe  milt.  In  iiml  milt,  theemTonl  |im- 
iltici'w  tli  ii  ii  mh  elei'f  ruiiiiiKilcfioi  tiii'i|i|e  which  oppose* 
tlm  pi'eeesslonul  loripie  uti  dm  «ym  jteneriiletl  jiy  the 
I  mckliiK  Tlm  tutnl  mu  pie  correspumi*  tu  tlm  illlTee- 

. .  I''1*" . .  x  fniiiiK!  ill,) A«,  I )«| mn< Unit; mi  llm 

mIkii  ill'  the  illlTeietiee,  eiiiilnclw  lit  the  (tyro  unit  urn 
••mile  mill  utm  or  the  other  nl'  Uvu  relity*  trips,  The 
I'ehiyn  cotil i'l il  the  tutnl  eiirreetlutt  milters  which 
then  Imck  lift  nr  K"  itheml  tu  give  tut  mljusteil  value 
iif  A,  Ami  tlm  eyelets  repented,  nr,  mtlier,  ovorythlnw 
Is  Imppeniiiit  shmtltimeiiitsly, 
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Tlw  preceding  presentation  lined  vectors  ns  iuptil w 
mill  outputs,  lCxeept  for  the  pitmllnx  mid  ballistic 
units  mill  the  pantograph,  tills  Is  lint  quite  the  truth. 
The  correction  motors  have  uslmiit h  and  elevation 
components  uf  the  tot  ill  leitil  its  out  pul  since  these  are 
to  he  used  In  position  the  turret  In  tuthunth  ami  ele¬ 
vation  Annin,  the  iifigulur  rules  measured  h.v  the 
two  gyros  at  a  sighting  stiillnn  lire  vertical  ami  liilernl 
rates  'I'lail  Is,  if  the  sight  lieml  Is  elevnteil,  the 
"laterHl"  gym  Is  measuring  the  rate  ol’  ml  at  Ion  nlioiit 
mi  nsls  lying  lu  n  vert  leal  plane  ami  perpendicular  to 
the  Hue  of  sight  while  the  "vert  leal"  gyro  1-  men  sor¬ 
ing  l In*  rate  of  rolailoii  ahont  an  axis  lying  In  the 
horlaoiital  plane  and  perpeiidieiilur  to  the  line  of 
sight  Thus  tlie  outputs  of  the  potent  haunter  re¬ 
solver  lire  In  reality  the  lateral  mid  vert  leal  emn- 
pooents  of  kinematic  dcllcctlnn, 

a,  i, a  llclnivlnr  of  Siiccllic  l  nil* 

This  subsection  a  III  discuss  In  more  detail  the  In¬ 
ternal  nature  of  the  component  parts  of  the  Ill’ll 
eoinpilter,  Since  the  appmucli  w  ill  emphasise  the 
underlying  theory,  It  Is  complementary  to  11<<111111< ls>  of 
engineering  detail.*** 

I’aiiai.i.ax  I’mt 

This  |s  a  cianpuiieiit  In  which  there  Is  etfeetiveb 
conatriiclcd  in  niiiiniliuv  n  vector  replica  of  some 
part  of  the  environment.  In  forming  such  a  replica 


there  Is  mi  need  fur  duplicating  urlciilnllon  ll  Is 
relative  position  that  Is  to  the  point.  ( 'house,  then, 
the  verllcal  direction  In  the  cumpuler  to  represent 
the  gun  dlreelinii  v«t,  The  axes  of  Inleral  and  vertical 
gun  rotation  determine  a  hnrixuntnl  plane  In  the 
eunipiiter  In  ounwapieiiee  uf  this  eliulee.  <  Inly  the  pro- 
jeethni  of  the  veelur  A  (which  gives  the  distance  be¬ 


tween  sighting  si  at  Ion  and  gun  emplsecm«tt)  on  the 
longitudinal  axis  of  the  fuselage  will  he  used.  Tills 
length  Is  a  fixed  physical  distance  along  n  lever  hi  the 
unit  and  Im  I'uetnry  set.  In  order  to  get  p  we  must  first 
obtain  the  projection  of  A  <111  the  Imiixontnl  plane  of 
the  parallax  milt  and  then  modify  this  length  ac¬ 
cording  to  the  range,  Hchematlcally,  (hew  steps  are 
accomplished  In  Figure  I.  The  Input  milt  Imnshitcs 
elect  lie  signals  into  gear  rotations  la  position  A  us 
shown.  The  projection  on  the  horiaoiilitl  plane  Is  pre¬ 
cisely  the  sealed  length  of  n  Hue  segment  fmm  the 
sighting  station  dropped  on  the  Imre  axis,  I  e.,  P*  In 
Figure  I  This  motion  Is  retleeled  by  sliding  ixhIs  as 
corresponding  motion  of  the  point  a  (Figure  t).  If 
the  liilcriini  /  on  a  vertical  lever  ( w uggle-st lek )  Is 
moved  up  ami  down  as  a  function  uf  range  then  the 
point  h  will  lie  displaced  by  the  aiigiilur  correct  lull  p 

Mai.i.ihto  I’m  1 

This  eniiiponelit  Is  very  slinilnr  to  ihe  parallnx 
unit,  It  <IIIT<<ISI  In  t lint  the  length  B  tlnil  plays  1  he  role 
of  A  must  vary  with  nlthmle,  IAS,  ami  lemperalure. 
Tlds  I-  aceompllshed  by  gears  actuated  by  the  navi¬ 
gator's  handset  Although  the  iiiccliiiliixnllnli  <  I  lifers, 
the  result  In  l  lie  plane  of  1  lie  pantograph  Is  a  mot  Ion 
of  one  1  ml  of  me  it  her  waggle-stlek  which  represents  6 
and  lies  In  the  plane  of  gnu  Intend  and  vertical  axes 
just  as  does  p, 

I’ANTOIIIIAI'II 

Mince  p  ami  b  are  now  In  the  same  plane,  Ihe  pan¬ 
tograph  can  add  them  vcetoiinlly  very  readily.  Tim 
device  Is  n  jointed  framework  of  metal  ships  selmimi- 


llxcd  In  Figure  A.  The  pariillnx  waggle-stlek  driven  F 
ami  the  laiillstle  waggle-stlek  drives  .1 ,  Under  a  dis¬ 
placement  frui  11  ihe  original  pimllhin  ( .i n,FntCti)  of 
amoimls  dud  *»  - b  and  F„F  ■*  ( )p,  If  Is  readily 
found  frmn  the  geumetry  uf  the  frame  flint,  C«C  « 
p  4*  b, 


rONFIDKNTIAb 


C.KNTIUK,  NTATIOtV  Kill lv  COWTISOf, 


SN 


Axin  (’(SNVKimJH 

('oneephmlly,  till*  u*m'mhhige  of  gem*  arid  Hlinfti* 
Iiiih  ii  h  Inputs  Mm  imlimiili  nisi  I  i>h>viiMoii  component* 
Ah  iiihI  An  of  the  ii**iintrd  lotnl  hmil  A  mill  tin1  gun 
elevation  (Actually,  Min  Input*  im<  tlim>  gear 
rotation*  nl’  mnnunt*  2A#  —  2 Ah  -  Hu,  Hu  +  '2Ah, 
mnl  Hu  rimportlvely,)  A*  In  the  preceding  unit*  Min 
vi'l'tlenl  ilirei'Mon  in  tin*  computer  I*  Hclcclrd  to 
rrpreaent  llm  gun  dlreellun  v»i.  Tim  lioMmiutiti  pliom 
In  Mm  i>niii|fiili>r  in,  then,  the  npilviilcnt  uf  tiie  H|)nt ini 
| linin’  determined  iiy  kiiii  Inti'i’ul  nml  vertleul  axe*, 
Till*  MVKlein  of  tliri’i’  dlrcctlnn*  gun  direct  Inn  mul 
the  two  live*  I*  llxed  in  the  unit.  The  jnh  of  tlm 
nxl*  converter  I*  to  count  met  in  riirrect  relative  po*l« 
t Ion  to  Mil*  tlxed  *y*trm  tin*  eommpomlliig  *y*tem  of 
the  night  line,  i,e  ,  Might  liheetlon  rt,  mul  niglit  in  tern  I 
mul  vei’tlenl  axe*,  Thi*  it  lion*  hy  perfoi’inhig  two 
mtiitioiiM  of  t lie  piiyMlenl  length  eoiTenpiiinihig  to  the 
vertinil  gnu  illreethni  Mlnee  the  Mltiiiitimi  in  the 
eoiiiputi'i'  I*  only  n  roni'lciilfil  vrr*lnn  of  t hi’  h|im t ini 
(lieture  we  nuty  revert  to  M|iuee  fur  einrliy,  In  K|mee, 
rotntloii  of  ii  line  In  nxiniiith  i*  rcprc*rntcd  hy  u 


Klill  III:  II  lliilnllmiill  Vei'lul'*, 


veetur  w,  directed  vert lenlly  iipniuii,  Hnliitlon  In 
eleviillon  in  I'epieiHi'iiteil  Iiy  it  veeloi'  Me  lying  ill  the 
Inii-lfii mtni  | ilniie  mul  |«er| lent liriiln r  to  the  vertical 
plinie  thioiigh  the  line  In  i  |in>Mtli  in .  I  >n  tern  I  rot  ni  Ion  I* 
I’l'pi'CMi'iiiei!  Iiy  n  veetur  mi  lying  hi  the  vertleul  pin  lie 
through  the  Hue  mnl  pnrpoiiilleiilitr  to  Mint  line, 
Vertleul  rutnt Inn  In  lileiitleul  with  eleviitinii  roliitlim 
mii  tlnil  we  *»  un.  The  angle  between  ui  nml  wi  Im 
eieurly  the  elevathiti  H  uf  the  rotiithig  iiite,  lienee 
ui,  *»  w.i  com  H  Figure  tl  ilhiMtmti’M  the  mII  nut  Inn, 
(u  m  mi  4*  m/s'  i*  the  Mul  migiihii'  velnelty,  ami  when 


the  di'cnrnpu*llhin  w  «  un  4-  wt  +  uo  Is  ttmiie,  ««  In 
an  mlilltioiml  mnl  neecNwiry  angiilar  velocity  the 
gnu  full,)  It  follow*  from  thaw  rate  relation*,  we  *•  «», 
ui.  m  wh  eiw  H,  that,  vumrl  to  Jlmt  order  term,"  the 
Might  fioMlIlim  cnn  Im  uhtaiiieil  from  the  gun  poniMnn 
Iiy  a  vertical  rotation  of  amount  —A#  foilnwoil  by  n 
lateral  rutatinn  of  aniount  —  Ah  com  Ho,  Till*  I*  done 
Iiy  gear*  hi  the  nxl*  converter,  A  reprewntaMim  of  ri 
Mm*  appear*  a*  a  meehnnleal  ilUphieenieii!  In  a  hori- 
m  in  I  nl  plane  In  the  potentiometer  re*olver. 

Ihmi.VYimiK.rKn  Hkhoi.vkh  ” 

It  will  lie  leeulleil  that  the  fiiuetloli  of  the  rcmilver 
I*  to  lake  In  the  *ight  illreethni  ami  the  mini  of  the 
parallax  ami  halli*lle  I'oiTeeliim*  a*  two  vrvlor-nw 
vhnnitvl  Input*,  and  to  give  out  voIIhqpn  Air  ami  A*/, 
whleli  are  the  vertleul  and  lateral  eomtmiient*  of  the 
OMMinnr,!  kiurmntir  dellei'tioo,  A*  expeeteil  within 
tiie  remilvcr  I*  a  vertleul  illreethni  repre*eiitlng  gun 
•llreetloa  v,,/.  The  plane  of  the  piuitugraph  I*  per- 
I  ho  ii  lieu  In  i  to  Mil*  vertleul  direct  lull  and  the  output 
of  the  piuitugraph  give*  the  ill*plm'emeut  (.'„('  ■» 
p  4  b.  lienee  In  the  re*o|ver  OC  »  ()('»  4-  ('J'  — 
v,n  +  p  +  b  i*  euiiMtriicted,  Aeeordlng  to  ei|natlou 
(II )  tin*  device  ha*  ph,V*leiill>  priHluced  the  veetur 
a/Di.t,  Another  part  of  li  e  re*olver  I*  rigidly  affixed  to 
the  iixl*  eiinverter,  In  ||,|gure  7,  till*  part  appear*  a* 


OS',  At  (lie  point  S'  (lie  re*i  liver  hit*  a  pin  no  perpen* 
illi'tdin’  to  OS',  A  \vuggle>*t  lek  from  tiie  point  ('III  the 
pantograph  plane  i*  miiintaiueil  mi  Mini  ("('  I*  parallel 
In  OS',  Tiie  vector  oipmllnii  ()(■'  *•  OS'  4’  N't"  I* 
tranMiiteii  a* 

m'Din  <"  ri  4-  Aii 

"Tiie  mi'i'tmatiMii  netiiolly  ii'jiiuiliii'c*  the  gmanftrtml 
I'liimlriiliil*  of  the  ullimtimi  nail  *e  U  not  guilty  of  npproxliim* 
Hum*, 


(’ONI'il)KNTIAI, 


TVPIi  3CM  GOMPIJTKH 
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By  dila  frontal  nt»pi,«im,lt  tit  tlm  problem,  l.n,,  n 
coiinI nii't loi!  In  minirdnro  nf  dm  vaotur  nldmtlon  In 
apace,  tlm  klnermille  dellcetlnn  linn  Imon  ;h*(mIii«'imI. 

II  remit  Inn  In  obtain  dm  liilenil  mid  vertical  »*on»- 
pnneiitM  of  llm  kinematic  ilefleellnn  relative  to  the 
rnyht  Uni1  In  dm  form  of  vnltiigeH,  In  dm  reanlvor 
plums  which  In  perpendicular  In  llm  computer'*  re¬ 
production  nf  llm  Night  Him,  S'll  ninl  S’M  ni’i>  niicIi 
cninpoimutN,  A  voltage  equal  In  niuKiih min  In  A»i, 
omi  Im  obtained  l»y  nmmiN  nf  a  viii  IhI»I<<  potentiometer 
wIiiinc  Nihllog  IM mt III’*  M  meveN  along  llm  Him  S 'M 
In  llm  lateral  dlrcetlmi,  Anil  with  Nome  meehimlenl 
elaboration  llm  aniim  remtirkM  apply  In  An. 

TiMK-ny-TMuiiT  <  'inriMtH 

Tim  I'li'cnll  In  n  uni  til  <1  mi  I  loti  nf  fixed  anil  variable 
I'i'nInIiiiii'i'n  »iii'Ii  dial  dm  1 1 it  ill  i'i'nInImiii'i'  approxi¬ 
mate*  ill/.  Tim  Ni'lmmiilic  In  alimvii  in  Tlgure  H.  Tim 


\ - - - -| 

yiiii  wifl  N,  Time-ol’-ltlgln  rlrcnll,  wi‘Iii>iiimIIi', 

variable  range  i'i'nInImiici1,  euiil  rolled  hy  llm  gunner 
\vhn  kimpH  llm  targe  I  fi'iilimil,  «il|iplli'N  n  enatlimnuM 
iiHtliniiti’  nf  pii'wnl  m iiki'.  Tim  imvIgnlorV  linml  ni«I 
piita  In  nit  It  mil1, 1  m  Hum  t  cm  I  uh'Npecd  anil  I«<iii|hmsuI  iii'n. 

Tim  IihIIInIIi'  mill  Niipplli'N  Hi . nipnimul  nf  own 

Npimil  In  llm  direction  nf  Him,  which  iimiiim  llml  a 
good  valim  fur  velocity  nf  departure  In  at  Itnml. 
Certainly  all  llm  appropriate  viiiiulili'N  urn  pirwait 
In  nliliilti  all  exeelleut  valim  Ini'  tlnm  nf  (light,  How¬ 
ever,  In  nim  illl'i'i'llnii  II  In  a  i|imHlliia  nf  Imw  wail  a 
Nlinpla  ult'i'tilt  can  approximate  a  complicated  I'nim- 
llun,  ami  In  annllmi'  illruallnn  wind  enllhrutlouN  aim 
im  nanla  In  nllmv  Ini'  vurml  aiiiii'Naw,  II  hIiiiiiIiI  Im  t'a- 
mainliarail  that  Ini'  Ntmlgld  hackx  llm  rexiiltH  with 
rcNpeet  In  llila  waiinil  direction  mIioiiIiI  lia  excellent 
allien  ut/  In  exact  Ity  mpiallnii  (4). 


«,4.*  THp  Gyrowsope  Unit* 

Tim  gynwcope  unit*  "b  will  lia  illwaiiwNail  In  wmm- 
wliat.  in nra  ilalull  Ilian  warn  tha  preceding  man* 
puimtilN,  To  nmiiMiira  lalaral  and  vertical  I  making 
mlnM  llmra  aw  twn  gyrnxeo|K>H  at  each  xlglitlng  nIh- 
tlnii.  I'faali  gyn iwopc  aniwlNtN  nf  a  flywheel  ami  tlm 
rotor  nf  a  nihiiII,  hlgh-apeed,  am!  emiNtmd-xpred 
alaalrla  molar  running  on  27  vnlt«  tl*a  at  l!),tXM)  revo- 
InllniiN  par  inliinla,  Tim  lateral  rate  mill  l«  nIiowii  In 
I'lgara  0.  Tim  limiNliig  uxlx  In  ulwayw  parallal  fa  dm 


t'lin  in:  a.  ( 1>  rc l>(«<  3» 'll  aiiMi|Ml<ar.  (< 'inirtiny 
nf  l  ImiimhI  lili'i'l Hi;  I 'nin|min  ) 


Him  nf  Nlglit,  and  Ilia  a\l«  nf  llm  plan  tlmt  Niippnrl 
Ilia  gym  ninlnr  friinia  raamliiN  liorlxniital.  Tim  gyro 
aplu  iixIn  may  ilapart  vary  Hllglilly  from  pnrnllellNin 
with  llm  Night  Him,  lail  HiIm  ilaparlnra  In  in  ekmtian 
only  anil  In  llmllail  hy  mljiiNliilila  HlupN,  Caiiae- 
ipmnlly,  it  will  iml  Im  Infarrait  Hint  Ilia  gyro  nxlx 
dlNplaaainaiil  nma«araH  ilallaalinn  iin  ll  did  In  Haa* 
tlnii  A. A, 2. 

I  hidar  rntntlnii  aliniil  Ilia  lalaral  iixIn  (IIiIn  In  m, ,)  In 
l‘’lgnra  ll,  Ilia  gyrn  axarlN  a  iireremaaal torque  aliniil 
an  iixIn  parpalidlaiilnr  In  I  mill  llm  wpln  iixIn  and  tlm 
a xIn  nf  llm  applied  tracking  toripm  and  lianaa  "limit 
llm  iixIn  nf  the  Niippurllng  pIliN,  lint  liiiaking  llila 
praaaNNlnnal  torque  In  an  nlni'twiiiugimdc  aniipllng 
dim  In  Ilia  dlHplaaanmiil  nf  pariiiniiant  inagimlN 
(w lilali  lira  llxad  In  llm  gyro  frame)  I'rnin  Ilia  aanlar 
nf  an  creeling  anil  llxad  In  tlm  hmiNlug.  Tlm  anrranl 
in  dm  araallag  anil  In  A*/  id/,  and  llm  Inripm  pro* 

1 1  need  In  prnpnrdnlitil  In  (IiIn  current ,  If  IIiIn  torque  In 
lint  im  at  rung  iin  llml  i  Ilia  In  pri'ceaxliili  tlm  gyrn  will 
praaa«N  Nllglitly  itiitli  an  alaatrla  anntimt  In  met, 
Tor  IIiIn  aiiNa  llm  UNNinnad  A*/,  wiin  Inn  Ninall.  Ilenan 
llm  emit  net  emmax  a  relay  In  trip  wlileli  |mriitll«  a 
anrranl  In  llnw  In  the  armature  nf  tlm  I  odd  eurreehlnn 
inutur  In  a  dlraatlnu  wlileli  will  InaraiiNe  Ah,.  TIiIn  will 
n) lengthen  dm  ereat lug  anil  tiinpia  and  pull  din  gyro 
away  from  tlm  ranine),  If  llm  erecting  anil  inripm 
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IiimI  boon  1,1)0  strong  initially  flu*  process  witolil  have 
roverseil,  In  general,  Hie  gym  will  limit  or  successively 
innlor-imd-ovor  onmmt  by  going  hack  mill  fort  It  be¬ 
tween  tin'  cniilucts,  Hunk  fash  |m  deliberately  liilro- 
cIii«hmI  ImM, wit'ii  flu*  total  correct  Inn  motor  and  bn 
initpitt  wheel  to  mliilml*t*  inmling.  Only  midor  per- 
b'l't  mill  uniform  condition*  will  tin*  gyro  rlili*  with 
IlM  Spill  11x1*  illl*lltil*lll  Witll  flit*  housing  axis. 

It  Will  III*  noticed  till) I  there  in  no  smoothing  In  tin* 

preeisesonseofthnl  glv . mice  "Weighted  Averages" 

of  Hit'tlon  However,  Ibi*  gyro  housing  In  nl- 

tui'lii'il  tii  tiio  night  by  n  form  of  cinnlic  rmi|iiliig 
<lfilii|  mm  I  by  I  rli't  ii  in,  I  hi*  I  m  nil'  pnrpont*  In  to  ri'ibii'i1 
yibrnlioii  but  possibly  n  t*i*i*tu in  niiioiml  of  niiKwilh- 
iliK  In  also  IntriHlnci'il  by  snob  a  Hiippmi, 

Till*  gyroscope  system  in  I  rm  |ihm<m  certain  mum  in 
tin*  iirobli’iii  wbli’ii  1*11  n  bo  understood  by  wridng  "tit 
tlii'ilyiiimili’nl  i*i|iintionn  of  iin<  system.*1  l,oi  M,,  /mil 
M)'  denote,  rospcrt  i vrlv,  Ibo  vector  ii ii«i itii i’  ino- 
im-ut/i  of  gyroscope  nii’l  gyro  motor  frame  ln*t  T,i 
bo  tbo  lllomi'lit  of  nil  fori *on  everted  by  ibo  gyroscope 
on  (lie  triimi*.  ( I  bin  liioimlon  i‘i,in,llon  ami  licnring 

ion|iion  of  tin*  motor.)  Anil  lot  T„  bo  tin*  . . .  of 

nil  tureen  everted  i i\  l In*  gyro  housing  on  the  gyro 
imitiir  fmnio,  (Thin  liii'inilon  tbo  orootlng  roll  tori|iio, 
lili'tiomil  iori|iion,  |ilvot  ronoiionn,  ami  reactions 
wlion  the  stops  tin*  i-lonoi!  )  The  oi|imtiuii  for  tin* 
gym  motor  I'rinin*  In 

*'M).  T 
ill  “  T"  “  T"’ 

mill  tlmt  fur  tin*  gyro  In 

i/M„ 

,«  -T'» 

no  tlmt 

if( Mi  -f-  Mi, )  „ 

•a  - Tu' 

III  II  llxoi I  I'ooi'illinito  nyntom,  Willi  ron|iooi  i,<  „  ro, 
luting  oi  ii  hi  1 1  on  to  nyntom  determined  by  tin*  pin 
nxln,  Ibo  npin  nvln,  nnd  nn  nxls  porpondioiiliir  to 
tliono,'  nnd  witii  il  ill  timv  mi'iiniirilig  niton  of  rlinngo 
with  I'onporl  to  tliln  minting  nyntom,  n  lliomoin  from 
inoi'lmiiim  y loh in 

[HU lr  +  M„) 

ill 


•ffl*  (Mr  +  Mo)  -  T/o 


wlinro  fl  in  I  lm  vortor  ungitlnr  velocity  of  tin*  (/»,«, «/) 
(mo rd I n ate  nynlom,  Willi  an  obvious  imtiitiiiit  for 


l*i 


*  Oiniifiimi>iiU  in  itnwo  tliri*i<  illrontloin  wtll  In*  ilmnitml  |tV 
«,  imti  9  ion|H*nt!vol,v, 


ninmctitM  of  Inertia,  tin*  p  component,  of  this  mpm* 

Utm  +  trP)  ^  -f  (l„p  +  fr,  ~  l„,  - 

*"  i  ■*  7  ftp i  (8) 
whom  U,  in  gyt’o  npood  with  respect  to  lln  fmmo,  Tbo 
piirpono  III  till*  gyro  unit  call  now  bo  pimmod  sym¬ 
bolically,.  It  in  ilonlgnod  to  approximate  U,  (which  in 
tbo  tnioklhg  rate)  by  use  of  tbo  oi|iaitlmi 

“*  fl/.llyUll  ■»  Tttp,  (()) 

whoro  T„,,  In  onnoutlally  tbo  tnri|iii'  oxortoil  by  Ibo 
1'h'riri.iimgnoth'  oonpllng  on  tbo  npin  axln  In  ntlier 
words,  tin*  dnvii'o  In  iiogh'i'tlng  tbo  lirnt  two  term*  of 
tin*  I'omploii'  oipntliiin  (N), 

<  'onnldor  the  nooonil  lorm  on  tin-  lol't  of  oipintliin 
(N)  nnd  iinniniio  tlmt  Iho  i'X|ni'Hn|nn  In  imronthonon  In 
of  tbo  mi  mo  iirih'i'  of  magnilmlo  an  T,u.  Tbo  angidar 
nilo  lb  In  proi'lnoiy  llio  oipilvaloiit  of  tbo  gniH'oll  rato 
oi  I'igiiro  K,  l.o,  u.  *  u),  nIii  A’,  whoro  A  and  /;'  urn  tin* 
iiteiiiint Ii  and  olovallon  of  tin*  npin  nvln  (which  di- 
vcrges  very  nlightly  from  Ibo  night  nxln),  Hut  w., 
oimnoi  oxi'ooil  r  nor  /*.'  r  wlion*  o  In  tbo  voloolty  of  Ibo 
tnigol  relative  in  t In*  boiubor  and  r  In  tbo  rmigo, 

•*<'' . .  In  largo  only  If  K  In  clime  to  «tl*  and  'or  r  In 

mimll,  If  A'  <  77*  UV,  i*  <  tiHN)  fpn,  and  r  >  7/HI 
II,  tlion  U.  In  l),i|  por  rout  of  ()„  (wltioli  in  30, ()()()*. 
radiann),  Tbo  noooud  lorm  may  bo  safely  noglooloil. 
Ilowovor  tliln  iliN'n  indicate  that  roi'talli  rent rlol Imm 
oil  high  olovntioii  tb'oaro  in  hr  rout  In  the  nyntom, 
Turning  in  tbo  firm  torin  on  tin*  loft  of  oi|imlloti 
(N),  wo  lire  eniieertiod  with  Ibo  iingiiiiir  mw/oru/iVin 
ilUp  ill  about  ibo  pin  axln,  Tbo  load  glvon  by  ooim« 
tloli  (N)  In 

I  up  +•/)•),  ilUp 

>J'  ‘  I.M  +  .1, 

will'll  till'  noi'iind  lorm  1«  nogloob*d  llonoo  migiiiar 
noi'oloriitloii  iiitriidiii'i'n  a  npurlmm  load  (tiio  noomid 
term  on  tbo  right  oi  tbo  preceding  oipiutloitj,  l''or 
/w/oof  litui‘iti()  of  nn  noooloi'iilod  target  tiiln  oim 
Imidly  oxooixi  s  iiillllnn Ilium, nn  Hut  uudor  mimmi 
im/wv/n'l  Irnd'ing  tin*  npoi'Htor  may  In*  nmkbig  very 
largo  um'llhtloi'i/  oriorn  In  unuiilar  imnltlmi,  'I’o  wlmt 
rvlonl  Ha*  I'oiiipntoi'  tlltorn  noooioi'ntloii  orrnrn  In  not 
dotliiltoly  known,  The  iibvluiln  proomlnro  In  In  make 
a  inboratory  boitolt  lent, 

n.t.n  Tout  Qintutllttn  iVlotom 

'rite  to! id  mirrootloii  imitorn  make  lonil  wnrirtitlmui 
nt  a  ooimtant  m*o  of  about  *(()  mllllmdluun  per 
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('KlVt'HAI,  MTATIOIV  KlttlC  d'ONTHOI, 


i""1"1'  ,,""H  'ntlnnoimly  j,t  ti,c>  mime 
Imlluii  hir  I, A  mi-umlH, „  IHkIhm-  „poo,|  „f  nlinnl  *0 
itilllli  milium  |im-  *',<011,1  Imomim*  t«|cciiH  lvr>.  To  Illim- 
imU'  ,lu’,,flW'  *»r  till.  11,1,0  ,|ni,iy  oniined  |,y  ,|||h  l|))(((||, 
«»»'  «»I  ImHIuI  lend  ..r  M.m  t'lM.  Kim  Ihi,, 

"'''’"lid  1(1  g«|  (Ml  /|||,|  (||,,||  (,, 

il,  "  ''"K"1  nt|iilHuic  II  hull  of  lot)  niiJII mill/niM. 
ltM*Mj*ii|*l»nwlm„i..|1v:„i  /  -  o,  a  -  -20  (nlghl 

uf  l  «  0.A,  A  „  —20  fliMi.klMHl, 

'XZ . "V7“  ’■  A-»«  *"  #  -  t.A.  A  *»  20 

(IlfKll  Hpood  llOglllN) „|  (  »  -j  fl,  A  -  111)'  ,  .  ■>  \ 

A  -  100. 

Wlmf  "ifiim  noclml  |H  „  hvhIoih  „f  i„,-lnh|n  |H 

('""1 . .  "'Ill'll)  <1.0  HH.Mln-1 

5*7  Ih  I'IkIi  Hpeoil  M  ill  ho  prnvhln.i  *1 

' I|1’'  "rm*y  . . . .  I'.v  imhiK  llio  viirinhic  iiivh- 

Mic  (.1  I  ho  g.vroHi-i »|io  on  flu.  «|o|ik  |„  . . . 

ll"'  inoioiolioiill,  DviiiiiiiIo  hrnk- 
Hik  limy  iihm  l.o  i moil.  If  nlionlil  ho  olmorvoil  ti  nt  „|. 

',,;"IKh  . . .  . . . 

Ih'liiy,  Hi  tlio  hiiiiio  I lino  H|ii, ml Iiiiohn  Ih  hmoi'HIooiI  mi, J 

onoohmIvo  hunt  lute  in, i  v  oooiii', 

,  inM^lmii-  II. . Hit  1,1  IiIkIi  . . .  III  KKtlhiK  nu 

IM'KI'I  •IHlcklv  mill  ill  low  Nfiooil  Mt III  Holllt'lonilv 
lOCif  to  keep  with  loin  I  chniigOM,  oihvoh  for 
A |,li'ti I  Omul ii I  iithiok  me  hIiow  i,  In  Figure  10 
In  mliliflon  t„  Iho  viirlnl.lo  h|,oo,|  prop,  in,,  I  nofoil 
ijliovo,  viii'lotm  of  hoc  i not  ho,  Ih  Inivo  hoon  ,n,ggoNle,|  « 

l,V|ilo„|  of  tliOHo  nro  ( I )  . . .  ion  hint,  HI, oo,| 

. .  ll|K«',|‘  I"  I"chho,|,  (2)  t ho  hI, III  IV,,... 

,7'  . . .  r  Ih  ,Io|uvhho,|  |h 

' "•V7  *"|,»  «»'.  "Mi-  «o, 'on, I,  It  |h  |irohii)il,v  word,. 

"  1  ,  O'  Mliilio  U  I . Mil  j ,,i | ,0 1*  ,i HNOHHiiion |  of  oxnooloil 

iCHiiltH  II  iiHHiunoil  UiotloMl  HltnntloiiH  . .  N„ol, 

|iiii|,iih,i|h  I’ho  Wliolo  h|ow  I, ik  o| lointlon  hIioiiI.I  iiIho 
icich  o  on  ml  nl  „l  ton!  Ion, 

l  '*i'  |hii'|,ohoh  of  rofoi'oiioo,  1  l,o  motor  o,(imll»ii  oinv 

ho  , | n, it o,J  «"  For  „  . . .  will,  HO|„ii„|o|v 

cllo, I  or  |, oriii,inoiit  (lo|,| 


I1*""!"  ""  wi'innliiit)  drug  duo  t„  „,|,|y  otirrmih,  nn,l 
. -  O'lotlon  ,m,|  U  nearly  independent  of  Hu, 


H«ngt*  Follow-up  Motor 


Another  Inline, „  wonkiioM  In  (|,Ih  ennipiiter  nvh- 
,  ''“JJ  ,,M'  fulhiWMiji  unitor  Ih  ficpiently 
im  Hj„w  |  Inc,.  rimgcH  nnmt.  ho  ,-,„ml,|oro,l.  Thono  hic 
I)  lie  trno  r„„Ko,  f2)  tl,o  mngo  Inlm.liieed  l,v 
t('iidoino(or,i,  tlioHlglitJiigHtndoii,  inn)  (.1)  Win  range 
7  ,  " 1  '  ,l";  ""'"li'ihc  hy  Iho  rnngo  follow-., 

In  Hh  hI  on  i  ly  Mu,,-  ||I(,  idioi'N  1-011111111,11-  rnngo 

*'  i'll , vii rim)  in-oordiiig  In111 


c  -  -  III)  +  (,-„  +  |||))f, 


'iiHiimno 


"li'-ic  /'  Ih  Iho  nninhor  of  rovol.it loim  ,,or  niliinlo  of 
ho  motor  n, ini(inl  gone.  Tlio  lm|ili«ull„im  of  thin  ho- 
Iritvinr  cm  Im-  unnlo  out  l,y  icforrlng  to  Figure  It) 

7", 11  "r; "  Iho  (r„o  noige  r„  «  |(|(K)  y,| 

Ih  .11  holl,  i lio  night  nml  In  Iho  oomimlor,  Tho  oimh-. 

holnn  lug  porfoody,  In  ol„..,gi„g  rnngo 
iiIikohI  o,i(iHlunt  ni to  of  .'120 yd  poi-Noo.  Tho 

hnwovor,  . . . 

IMh  *  ^  '""^ni'iMi  motor  Hpoo,|, 

/’  -  —  0  H(M(,-  f  Mt)), 

n..M,-,;l„.hm  012  y,l  mngo  (ho  motor  comot  mu  f,mt 
eiioogh  to  k<;op  with. ho  ,.,|„il ,  Tho  gunuor  oouhl 
h  d,|, -uly  ,c,  no,,  rnngo  to  2A0  y,|  „„,l  oompnlor  i-e- 
HidlH  would  ho  J  imt  III,-  HU  I  no  m,  umlor  porfoot  rmig- 


i,.  t,7 


Cailllirtilloti 


ilw  n  /,; 

U,H  1  . . 

"!T“ . .  . . . . .  H  h  II, „  . . 

o'  ii ''"in t "re,  hrimliOH,  nml  oouiioiiliitoi-Hi  E  In  die 

"M""1  'oil., go;  nml  /(„.)  |N  . . . . . 

IJI"  the  "loim  "Mho  h,,ooi|  ir 
J' or  Irlolloiml  loiidlug 

/ (ir)  m  In  / /III 

in  im  m lo, pinto  form,  whero  /„  ,|o|,oii,|h  on  |,m«|.  hour- 
iiig  Irlothm,  itm I  urmidnro  hyMtoronlH,  „o,|  /,„< 


I"  c, mi, c( Ion  w  It h  tin-  nhm-o  ronoirkH  on  tho  tolnl 
"root Ion  nn.tm-H  ,„„l  on  tho  range  follow-ui,  motor, 
'f"''  "»  I'ldlhrndon  of  tho  timo  of  lllght  may  ho 
",,v  "“"'''I"",  wlie never  i|oIW(h,  mmvol,l- 
n  do  or  not  ,  on II  h.r  oxloimlve  rodoHlgn  or  Itmlitlhidoii 
"  «<I""||<In  to  H„vo  time  mid  opnip. 

"""  'rhu"'"  .  . . "'Id"  overall  ichmKh  hv 

giving  urdlloliil  vulnoH  to  iidJuMtuhlo  |mrtN  ,,f  dm 

'1  ,  H,K  ,'"1'  •**'M"|d«'»  . . mill  fur  dm 

dchi.v  hi  ho  Ho  ndo,,  t lino  on  n,mo  ittmoku,  iho  timo 
•»f  Hlgiit  I"  mulll„||o,l  «  hy  |  ,)7  h|, me  lomln  Inorotme 
nil  IOiho  nttuokH,  Hut  oullhrado,,  ,m,mlly  turn  |(h  print., 
in  HiIh  oimo  perfomunmo  iigidtml  iitdmkM  frum  dm 

nl1  ''r,,'«’rl,.r,i,e  nlueo  dm  r.mtor  nlmold  he  Imrf 
tlnni  unity  in  dint  ImmlHphoro, 
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6.5  HIJMIHAHY 

Heellmi  (l.l  limit*  the  dlxeiixxluii  of  t-htn  elmpter  to 
a  tlioorotleal  xindy  of  eentrnl  xtntlon  tiro  eimtrol  It- 
Tlm  wltltM*  ipiextlonx  of  formal  leim,  support  tiro, 
ami  oxparlmontal  lexiiltx  aro  not  eniixldered. 

Noeflim  0,2  darlvex  four  bnxle  eipintlonx  wliloli  tlm 
onmputer  lx  to  ineelianlim,  Hinnlfleantly,  tlm  flrxt 
throe  aro  voctor  etpinflniix  ami  In  Inrun  part  the  com* 
putor  eoimldorod  lx  a  vootor  nmeliniilxiii, 

Hootlon  il,!l  iIIxoiinhox  tin*  natnro  of  a  fnilnw-iip 
avNtmn  unilor  wliloli  nunx  roinoto  from  an  operator 
aro  made  to  follow  lit*  poult  Ionian  of  tlo*  wlnlit  lino. 


Tim  ooniputer,  wliioh  liitnnliKm  tlm  ^stn  dl*p!w«* 
mont  from  tlm  night  lino  required  hy  farmed,  mot  Ion, 
Imlllxtlrx,  ami  parallax  In  illxeiinimntnd, 

Hootlon  IM  kIvom  fl rut,  In  xelieumtln  fornix,  tlm 
amt  hod  liy  wliloli  tlm  nompntor  xolvox  tlm  total  do- 
floof  lon  proldoin.  Next  tlm  Imliavlor  of  tlm  Imlivlilnal 
oomponontx  lx  xtmlioil  In  tnoro  ini  Imato  ilotall.  Con- 
xlilorahlo  at  tout  Ion  lx  paid  to  tlm  Imliavlor  of  tlm 
nyroxoopo  nnltx  xlnon  imniilar  f  rooking  aoooloratlonx 
ran  load  to  nppreelabln  orrni'x  tli  rough  llilx  xyxtoin. 
|''lnally  tlm  I  lino  delay  In  rexponxe  of  the  total  ear* 
n>o l  Ion  iimlnrx,  and  Hie  Inadequate  range  change  mtn 
In  the  range  follow-up  motor  lire  oniixlderetl, 


I'ONKIDHNTIAL 


Chapter  7 

ANALYTICAL  ASPECTS  OF  AIRBORNE  EXPERIMENTAL  PROGRAMS 


7.1  INIMOimilON 

7.1.1  Hole  of  Airborne  Teat 

ProiiriMiiN 

Tlic  HiwinI  feedhnek  loop  fui'M it'll  I iv  Ho*  hiii'i'I'ki.Ivo 
element*  Iiii'rH,  Kiiiiui'i',  mol  loU,  to  mi  |  hi  t  «•!',  mum, 
hlllll'l  I  llll'HH  Iri  II  COll||  ll  ll'llll'l  |  Nl't'Vf  Mlll'l'ltll  ll  It'll  I 
H.VMtlMH  Will'll  II  HVMtl'III  |h  loll  I'OIII  I  ll  It'll  t  «•<  I  III  pel'llllt 
lilt  I'Mti'l  I  lift iit'l  li'ii |  itiinlvNiit  of  hchnvhir,  Hit'  i'oiii< 
nioii  li<f'liiili|iii'  in  in  mipply  ft'i'i  ii  I  ii  I  ii  |  in  I  h  mill  com- 
|mi'i'  Hit'  ni'tiiiil  out  |int  with  ii  iifi'fi'i't  out  pm  TliU 
U  lilt'  ||||||||NII||||,V  of  II I  I'l  II  ll'lll'  IIHNCNMIHClIt  Il'HtH  Ilf  (i  VI* 
control  ci |i 1 1 1 1 ini'ii I ,  If  ll  I*  ii  t|iiti«||ini  of  i'li« ill's*  I h«- 
t vn ii'ii  two  It i'i*  ci nil I'ol  *v*ti'HiH,  t in*  |n'oi'i'iiuri<  I* 
I'l'l'tnllily  lontlcnl,  provided  ll  proper  mIiiiii lot  Ion  of  tlm 

I'Ollllltlllll*  lllllll'r  wllll'll  III!'  NVNtl'IIIN  II I ! iHt  lll'lforlll  In 

niinli',  mill  iirovlili'il  Hull  the  cxpcrlmcntiil  U'Hilth |iii« 
In  I'liiiNiili'inlily  more  iiei'iu'lite  tliiin  t li>>  iiii'HihuImiii 
uiulor  ti'Nt,  If  it  In  ii  i|IU'nI|iiIi  of  |ii'«'i|  let  Ii  ill  of  nvciiill 
|M'i'foi'iiiii  nee  In  i'i  mil  in  t  of  ii  purl  li'iilac  ayittciii,  the 
lit ( It uilo  limy  hI III  lie  defended,  n|t IuuikIi  tint  nearly 
iin  Ntmiiwly  iin  lii  the  i'oiii|<i*l  It  Inti  N>tt  nut  Ion  Hut  If  |t 
In  ii  i |IH'nI  Ii  ill  of  the  ileeiim|ioN|tloli  of  iivenill  erroi'N 
Into  *'i  ii  ii  |  ii  iiii'iil  Ini  euiiNi'N,  no  tluit  Hi'nIkii  Improve- 
ttli'lllN  limy  lie  utmli',  hiii'Ii  iiNNONNiueut  Iiiin  iiiIiiIiiiiiiii 
value,  ll iiIi'nn  It  In  very  eolii|illi'iiteil  mill  < lot u l|e<| 

To  moot ,  In  |  in  i'l,  till*  IunI  •  (iient  Ion ,  the  eiTiit'H  utiiile 
li,V  the  NyNtem  mu  lor  poii’i'ol  iipernt  Ion  m  u  I  eoiiNtrni" 
Him  Imve  lieeii  Ntmlleil  oorllor  In  till*  account,  The 
niiiiiiil'iielni'liiK  vnvlnt tint  from  itmti'iiineiit  to  liiNtru- 
meiil  iiml  other  viitintloliN  eiiilseil  hy  iiuii-poi’t'«*i't 
i'iiiinI  met  Ion  iiml  fiiiict  loitltiK  eim  he  nIimIIinI  hy 
luhoriitoi'y  heneh  IonIk  III  wlileli  fueloiN  hiioIi  iin  lui'ti- 
tuhle  N|ieeilN  mill  t I'tupei'ii t ii lo  euu  he  I'lit-efiilly  eoii« 
trolled,  Mol'e  I'liihornte  liihoniliiiy  umi'hliii'N  tuny 
i Inc  porfoot |y  known  Inpittm  to  h  hniimti  uniitier  hy 

"  MiiHi  u  ilHuttril  HwamNiiiNiit  |tronnmi  wiim  iiiiilprtiiki'ii  fur 
tlm  Il-SItl  nynti'iu  hy  tlm  Ui'imriil  I'ileet i'te  t'oiutmuy, 


nu*n  mm  i  if  I'inii  inci  I  liii'Ki'i  eoiii'Mi'N  mill  i 'oi  i  trill  lei  I  kiui 
pint  form  mot  Ion  mul  may  ineiiNiire  In  eimiploti*  do* 
lull  the  helm vlor  of  eiii'li  «'uiu | n meiit  of  the  Nyatcm. 
It  In  I  hi*  met  lioil  I  hut  In  ikon;  fruit  fill  In  arriving  ut 
iIonIkii  eliimiti'N, 

flue  emiiiol  e\|iei't  to  mill  up  oiim  poiiont  Ini  ei'roi’N 
i  lei  Ii  lei'il  hy  the  met  Inn  Ih  of  the  preceding  |mi*HK;i>ii  ph 
to  i  >1  it  ii  hi  the  t  ot  ii  I  error  iletorinliii'il  hy  iilrhorue 
tentN,  The  roiiMi hi  In  iwofolil.  In  the  flixl.  |ilnee,  the 
oniiipli't i •  HVMlt'iii  I*  hi  no ni'iihc  lliienr  It  Iiiin  niimeroiiN 
feeilhiiekN,  Iurh,  mill  inii'.xpoi'loil  gunner  ri'lii't Iiiiim. 
In  the  Ni'i'oiul  pliieo,  thi'i'hiHi'il  loop ileHeriheil  lull Inlly 
oi  >nt  all  on  eleiiii'ulH  wlileli  lire  OHHOiit  Inlly  hIiiIInIIi'iiI, 
The  mu  In  viii'InhleH  lire:  Inrgel  hi'hiivlor  (ii  i'oiii'ho 

I'liiniot  he  repi'olhi . I  I'Mietly  In  the  nil'),  gunner  he- 

hnvloi'  (hilm-guiiticr  vmliitloiiN  limy  lie  iin  large  iin 
Inter-gunner  vurlatlnliN),  gnu  inuiliit  motion  (wlileli 
Viil'loH  with  the  n  I  fern  ft,  the  weiilhei',  iitul  the  pilot, 
purl lenlnrly  nmh'i'  avoiding  netlon),  mul  Iiiniiii- 
nieiitiil  viirlnlhiM  (HhIiIm,  ginm,  turrelN  iin  iilTeeteil  hy 
wenr  mul  enllhriitlon). 

Hot  It  In  eoiiehuii'il  tluit  llehl  (onIn,  hilioniloi'y  ioNic, 
mol  Iheoieih'ul  miiiiIvnIn  nil  have  mi  Impui'lnlil  plnee 
In  the  Held  of  lire  emit rnl,  The  Important  point  In 

tlml  they  lie  I'd  I  nil  led  purl iii'I'n  In  (IiIn  Held  The 

hidmichig  and  enonlhmlluii  nf  t licit'  i'oIch  In  the  ditty 
of  vigurmiN  ti'i'hnieid  iiiIiiiIiiInI  rnl  loll . 


7.1,2  Chiaalllciitlim  nf  Errora  by 
Cauar  tun!  Htutlatlea 

The  ei'ioi’N  of  the  complete  NyNtem  may  he  HunnI- 
lleil  NyNtenmlleally,  The  Ural  ilecunipoMltlmi  ,4l"f 
emphiiNlReN  eu i inc i 

I,  f/iiNN  ,1  wruM,  Intel'  nud  Intm-liiNlmmenlul 
viii'liithiiia  ure  emiaeil  hy  play  arlalng  from  penuHtwl 
lolei'iinei'N  mid  fitrt ln*r  piny  Introduced  hy  Ioono  iie- 
Ihm  nr  wnrn  piirta,  Tlieae  are  crrnt'N  repraamiHng 
the  failure  nf  the  inatritinont  to  operate  iin  dcNlgned, 
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2,  ('la**  H  error*,  A*  defined  earlier,  tiieae  are  tlit< 
theoretical  nrniin  of  t In*  meehmil*m  mimed  hy  design 
nwmmpthm*  unit  I'uinprinnlHc*. 

*1,  OfwmUomil  error*,  These  iieeur  hccmtse  of 
tracking  find  ranging  error*,  liarinmil  nation  errnr*, 
I0(d  faulty  presetting  of  flight  data, 

4.  /)i*i>er*ii>r  error*,  Bemuse  of  moimt  and  gun  vi¬ 
bration,  vnilnllnii  from  round  to  round  of  tla*  nuimii- 
oltlnu  In  hulllstlr*  uinl  nnmxle  velocity,  (day  In  a 
turret,  and  the  difficulty  of  ‘adding  a  point  of  aim, 
file  Indict*  of  a  hurst  spray  out  In  a  cone.  Although 

the  pul  loin  on  a  well . if  this  rone  la  usually  elilp- 

t IchI, the  orientation  of  thin  ellipse  mo  depends  on 
the  direction  of  lire  and  oilier  factor*  that  an  eipilvn- 
lent  clreiilnr  pattern  i*  taken  ronveutlonally.  Tld* 
lowiiniptlon  I*  augmented  hy  supposing  that  the 
pattern  I*  desrrlhed  hy  a  circular  ( iaiiMlaii  dlslrilm- 
thin  llholil  II  mean  point  of  impact,  (See  Section 
1,5,2,) 

It  should  he  noted  that  nilliongh  the  pattern  lend* 
to  conform  to  normality,  the  location*  of  individual 
"hot*  are  not  independent,  Tld*  I*  *erhd  correlation 
nnd  i*  evidently  nl  iinmt  Importance  In  connection 
"llh  very  *hort  1  mr*t *,  Ifotighly,  if  one  *hot  ha*  a 

large  error  of  one  *lgii,  . .  the  next  round  I*  likely 

to  have  a  larg . Tor  of  the  name  *ign,  Thl*  I*  related 

to  aim  wander,11"  A*  the  gunner  trie*  to  hold  on  a 
target,  Id*  aim  truce*  a  *nnkciikc  path.  One  can 
Imagine  I  lie  autiill  pure  dl*per*lou  lining  carried  along 

tld*  path  a*  a  proliahHity  cloud,  We  alt . pi  to 

make  a  iIIhIIiii'I  Imi  hot  ween  the  di*per*lve  *erlnl  cor¬ 
relation  uri*liig  when  a  gunner  trie*  In  hold  on  a 
fixed  target  alal  the  much  111101'  Important  tracking 
*e''hn  correlation,  I'he  point  ha*  not  liecn  clnrllled 
completely  from  the  theoretical  point  of  view,  On  the 
"hole,  we  *ha II  attempt  to  mold  ||  hy  u*lng  more 
naive  *tnli*ficul  Idea*, 

Another  c|a**|lieat Ion  of  *y*tem  error*  can  lie 
made  which  cmplumixc*  their  *latl*lleal  nature; la" 

i  /' loeh whori  errin'*,  The*e  error*  arl*e  from  dl*- 
per*lon,  tracking  error*  In  iingle  (Including  any 
ainpllllealion  of  the  *y*leni),  and  ! 'Ia«*  A  error*, 

J,  V oo*i-n)enilfi  error*,  T!ie*e  gl\'e  a  *en*iiil,|i  con 
*innt  Ida*  over  one  lmr*l  Imt  vary  from  hurst  to 
li|ir*t.  I  y plcally,  they  are  attrllaited  to  range  Input 

error*,  . . .  and  faulty  *o!llng  of 

flight  data, 

H,  Stnuli/  error*,  <  liven  a  particular  wll nation,  *ueh 
a*  a  apeellled  point  on  an  n**lgued  pitrsull  curve, 
«he*e  error*  yield  a  fixed  Ida*,  They  are  evidently 
('la**  M  error*, 


7, 1, a  Nature  of  Modern  Airborne 
Teat 

Marly  nwHcssineiit  te*t*  were  made  hy  firing 
"gain*!  a  flag  target  limed  pn*f  flic  gim  moimt 
mi  a  parallel  coiir*c  at  Imv  relative  Npeed  ami  elo*e 
range,  The  mtniher  of  hit*  \vn*  counted.  Till* 
procedure  can  lie  defended  only  on  tlm  Imwi*  that 
the  Inst  ulhtt  Ion  icon  11  III  10 rue  ami  It  ilul  Ihe,  Clearly 
an  extrapidatlmi  of  perfm'iniinre  011  Hindi  trivial 
c<  11  much  to  experted  pcrlWnuinec  agalli*t  all  iicliml 
liitgel  course  I*  unjust  lllcd,  ll'intliermore,  the 
I  Millet  e  that  ini**ed  are  lost  to  iimii,v*l*,  *lnee 
their  po*il Ion  I*  uni  known.  Tim*  the  inetlu*l  I* 
*tull*llcall,v  hiclllcient, 

t  ili'iimt  uielliiMl*  lor  alrl iia'iie  le*l*  are  lni*ei|  mi 
• he  dry  run  principle ,  That  i*,  coinhnl  eoiidltioii*  are 
*himliiteil  a*  eloHidy  a*  po**llde  hy  hnvilig  a  lighter 
plane  attack  the  hiinilicr,  Neither  *li|e  lire*  aetual 
hnllcl*1'  Instead,  hy  iiieiin*  of  variiin*  aceiirate  re* 
eording  ln*t niiocni *,  u«mill.v  idrhorne  hy  the  alrenift. 
participating,  lour  lm*lc  type*  of  data  are  ohlaliied 
(It  the  range  and  hearing  of  the  target,  (2)  the 
trucking  nnd  ranging  of  the  *lght  under  te*t,  (M)  the 
"v' "nl  Milling,  mill  (t)  the  altitude,  *peeil, 
"ml  "illHlde  of  the  guii-liioiilitllig  ulrenift,  Hiiine- 
tlme*  It  |*  ile*|rnlile  to  nl  it  11 1  a  all  or  Home  of  lhe*e 
data,  in  *yoeliroiiixiit|ou,  for  the  large!  aircraft. 
In  lhe*e  two  rc<  pi  Iren  imt*,  com  I  ml  *imiihilion 
ami  precl*e  iin*t riiineu 1 11 1 11  m ,  a  third  iou*t  lie  added. 
I'or  a  given  type  of  tnctlcul  Mltiailloo,  *uch  a*  a 
rear  ipiarter  ntliick,  *ullieleiil  replica  I  Ion*  of  the 
clreunmtmice  iiii/mI  he  iiinile  to  give  atleipiate  stn- 
I  Ini  li'iii  voice  to  lho*e  \  mini  tie*  vtliieli  1  let  ei'ii  line 
the  *,v*teiii'*  output  Imt  which  eaiiuot  he  coii- 
t ri illi'il  I’hl*  hiiplle*  that  the  experhiieiil  mu*t  he 
dcHlglied  eiireliiliy,  n*iiiilly  hy  the  l,ntlli>*i|iini'c 
I i'i'Iiii li |i i< '.  In  general,  a  minimum  of  replication* 
of  the  order  ol  15  I*  needed  lor  each  *y*tem  under 
••in'll  tni't li'nl  situation, 

^  e  may  now  turn  to  *imie  of  the  detail*  of  n**e**- 
""•"I  program*  The  three  major  plume*  are  (I)  In- 
*t rnmeiitiit Ion,  (2)  Interpretation  mid  rediu'llnii  of 
du t ii  1  and  (it)  ii u 'iiwi  1  ri 'i in 'ii I  of  elTecliveiioM*,  Duly  a 
rapid  Hiirvey  I*  eoiiteniphiteil. 


I  he  liiek  of  liiiitlui ton  emiHcit  hy  gmuiic  I*  11  twluii*  flaw 

of  the  method  which . not  he  ihcwcumI  l,,v  the  use  of  fmagl- 

ie  Imlli'in,  since  fnlh*iiide  iMiialmi  einnlll i,,iih  ihiiiIi!  mil.  then 
Im  a*ei|,  Mlamliillag  rmmll  mci'himlsm*  limy  he  iiiiidIi  mure 
tu  the  piilat, 
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7, a  I  NSTHt  (MENTATION  (AIHIIOHNK 

PftOOHAMH) 

7,a,i  Hearing  and  Httngc  of  Target 
uml  Attitude  of  Gun-Mounting 
Aircraft 

'I’n  ih'tarmhm  Mu'  mirn»et  bolloctitm  u(  ohoIi  Inntunf, 
i,i',,  |N>rfm<t  output ,  it  in  nw'i'Mwtiy  to  know  tin'  npncn 
putli  uf  tire  turni't,  relnllvo  to  tlm  ami  immnt  hh  u 
fluid  Ion  of  Mini',  TIiIh  in  imniuilly  ueminipllnlmd  by  h 
deicriibmiMoii  ul  cn i'll  iiiHtiml  of  tin'  ritiiKi'  uml  Inur¬ 
ing  ut  tlic  luraet  with  ronpoet  to  t hi*  ami  iiiiiimt , 
Tlii'iv  Ufl-min  I'liitiiTiiH  with  Immon  of  |.|m  f ( M‘ii I 
li'iiKtli,  wIimii  khiiki'iI  mill  limliilli'il  In  u  wnlnt  wlmluw 
of  it  lii'ii  v,v  In milii'i’,  will  i'iiviw  u  Hold  of  nppriixliuulcly 
t'iU"  In  iiRiiiuit li  mill  fill0  lit  dcvuMiiii,1”  Tlio  „lltfii- 
"i""l  In  ili'ti'miliii'il  liy  pliiitoarnpliy  on  Mh<  around. 
Tin'  li'liwn  iiillMt  lio  I'ltlilirutnil  no  Mint  I  hi*  iimunllii  ii- 
Mon  will  lie  known  oiiih<r  project  lull.  Tlm  heiirhiK 
iiukIi'm  I'l'liit i ve  to  tliln  liinliilliitlon  run  ln<  i It* t I'riii li u<i  1 
MiioukIi  priiji'i'tlim  Oil  it  nnittilily  ariildcd  mcii'i'II. 
There  ore  otlii'i'  met IhkIh  of  di'li'i'tiiliihia  hmitiua 
Tin1  million  In  imiiniilli  mu  I  eleviit  li  mi  uf  n  linrot 
"’•ill’ll  iiionnln  n  niiiKli'  cumcrii  uml  which  Irimkn  the 
Mii'tti'l  i'hii  lio  nicked  olT  tlm  amir  imlnn  eh  her  hy 
ICCMi'M  or  liy  ni'lnyun,**  Dliil  rmi'lliian  ini'  phot o^i'iiphi'i) 
Tin'  illri'i'Miin  of  Mu'  center  of  the  piet tire  U  known 
uml  tlic  lii'iiriiiK  of  tlic  (ilinplin'i'il)  i mKi«i  Iimiik**  In 
ri'tnllly  ili'ti'l'lilllil'il,  It  wool' I  nlnn  lii<  ponnlliln  to  lino 
lilt iihiiiITovv  lioum  Cin Inr  wliloli  oiiii  givu  unalon  with 
ii  tirolmlilo  1'iror  ot  I  or  3  iidlllriidiiinx,  Muttae  In 
tumidly  ili'ti't'iniiii'il  l»y  inminiiri'iin'iiln  of  t he  luiaac 
on  tlio  tliln  niippllml  I »y  it  I'lilui’lii  of  2-In  I'ociil  Ii'IikMi 
(to  aiiin  iimitnllli'iiMoii  ut  Mm  I'xponno  of  Held  hImc ) 
elimtpei I  to  tlm  gun,  Tliln  ili'ti'inilimlloii  U  nnimlly 
llio  Imint  oeeitrote  nlrp  in  tlm  ent Ire  nolinnm  lii'oinino 
of  hiitrrhiK  uf  wliiaMpn  uml  forenhort enlitic  uf  III" 
target ,  Tlm  uno  of  I  mm  I  pnlutml  wlugtlpn,  of  landing 
llghtn,  uml  of  Infill  rml  Imiipn  Inin  I  teen  nngaontcd, 

To  rmliioo  tlm  roliil I vii  limirlnttn  to  dlrucMtiii  In  mi 
nil'  i niinn  I'ooriiltmti'  nynti'iu,  tin*  ymv,  phcli,  uml  roll 
of  tlm  itlrplitnu  tin  ml.  In*  inminiirml,  Tliln  |n  Mono  liy  it 
pulr  of  nultulily  glndiulml  ayrow  which  iiiuliitiiin  tlm 
direct  loti  of  their  nplu  axon  In  npiii'n  itn  tlm  aircraft 
nii'kn  iilioiil  Mm  uimmtlna  'Thu  ri'niilliiia  dlnphico- 
ttieiil m  oiiii  lio  picked  off  elt her  Itieeltuitleitlly  or  liy 
ndnyrin.  Ynw,  pltoii,  uml  roll  oiiii  nlnn  lm  oulrulitlml 
idler  iiiminiirninmit  of  tlm  tilt  uf  tlm  liorlimii  uml  tlm 
pofliMiui  of  h  nuunpiit  mi  noiim  plain  fixed  lit  tlm 
iilromfi,"* 


7,2,2  Aidromctrlc  Methods 

'fli"  Npuoi*  pntliN  of  Mm  t  wo  aircraft  might  wall  lm 
del erttilneil  liy  untrimietrlo  iimtlmiln,1*1  Huppow  Mmt, 
two  vortical  oiutmmn  of  13-In,  foetal  length  mm 
nmiinim!  on  the  gwimd  ut  opposite  end*  of  a  nullable 
bane  lino,  The  aircraft.  photographed  by  Mimm 
onnmran  carrion  imrliapn  four  brilliant  flanli  nnltn, 
< ’oinoiiiont  wltb  mmii  flanli  «  ruiiln  niuiml  In  nent  to 
(lie  ground  uml  iworilml  by  u  oltrunngmpli  with  an 
umiruoy  of  I / 1  ,OtK)  H"o,  Htamluril  proolnlon  muMnnl« 
mo  uppllml  In  moitnuro  tin*  imago  punltlimn  on  (lie 
IWO  platen.  With  iihvraft.  at  It), 000  ft  the  ovorull 
prol  mlilo  omiruf  pi  ml  linn  In  £  I  ft,  mill  tlm  prnlmblo 
orrur  In  velocity  lm  dt  1 4  Ijw,  Tlm  dlnndvit til  agon  of 
tliln  pniemluro  are  foniul  In  tlio  rontrlotml  nky  urnu 
nvuilablo  In  tlm  limiioovorllin  ulronifl  (thin  ooitlil 
pronnnnibly  bo  mot  by  nniplnyiiia  a  hit t  Ice  of 
omnoriiH)  inn!  In  tlio  complexity  of  1  he  dulit  rmluo- 
Mun.  Ncvortliclonn,  tbo  tloxlblllly  of  tlio  iiinbillaMon 
In  iinnonnlua  alniont  nil  typon  of  uorial  pniblonin  ml  11  Ml  Id 
nniko  It  11  It  moll  vo  to  n  !;iru<*  proving  ground 

7,2:1  Synchroni/tilinn 

Hot  in  ning  to  tlio  ntnmlunl  ulrbonm  Innlruini'iitn, 
tlio  Kim  cnnioni  unmi  to  1  h'terinhie  rungo  nlnn  on- 
1 11  bl ini mn  tlm  Hdiml  gnu  |ii iltit Iiik.  Muully,  if  11 
omnorn  In  iiioiiiiIihI  to  phulngriipli  tin*  ciiitthlttltig 
alimn  of  tlm  gminlglit,  I  lion  rmiglng  mul  trucking 
i'I'ioi'h  ure  known;  nml  If  11  omneru  plintngriiphn  mi 
himl riimeiit  pmii'l,  flight  iliita  arc  recorded  If  in 
evident  t but  tliono  four  ouini'm  utiltn,  Mjomimra,  gnu, 
night,  Inntrmnouln,  iii’int  lm  nyiiHiroulm'il,  Tliln  In 
•mtnilly  ijToi'li'd  by  tihiclng  11  Unlit,  bulb  In  the  book 
ul  m»oli  cun  mm  which  I'i  ign  tbo  lllin  edge  In  0110I1 
ciiiiiern  ut  Intorvaln  diet  lit  ei  I  by  a  iiiiinlor  control 
null. 

7,2,t  Air  !\Iii»m  Coordinate 
Technique 

Hiinmwbiit  nltnplor  ilimt  mineot  ut  Ion  In  ponniblo  If  mt 
ontlruly  different  iipprioich  W,,,M  to  tlm  problem  of 
ilotnmibrlnK  gtiii-poiiiMiig  urrorn  In  nmde.  I'Tir  tmnr 
I'liiniilt  curve  iilliu'kn  tlm  boro  axon  of  tlm  boinbor’n 
Kitun  uml  of  tlm  llglitor’n  alum  will  lm  clone  to  pnrallol- 
Inin,  wince  tbo  Imuln  token  by  tlm  iluollntn  arc  mpml 
In  nine  uml  nppimilo  In  nmine,  In  a  Uml.  order  approxi¬ 
mation.  (Hon  HoeMiitt  3,3,2.)  )‘b|ul p  oaoli  alroi'uft  with 
11  ouniora  kept  In  rlald  idlgiiitioiit  with  Mm  ronpoollvn 
bnro  u xon.  Then  tlio  Iiiiiik"  of  Mm  oppimina  almraft 
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may  be  expected  mi  each  flint.  Mnppime,  further,  that 
the  bomber  l**upplleii  with  a  I  (HI  percent  nwn-*|jeed 
mcelmiilmn  which  places  mi  the  film  a  point  giving; 
the  romtltant  direction  In  the  air  iwww  t  hat  the  bullet 
would  take  ntnior  the  action  of  miuiie  velocity  and 
tnnnnt  velocity.  Hiippoae  that  fur  the  lighter  the 
angle  of  skid  M  and  angle  of  attack  can  he  de¬ 
termined  mo  that  the  resultant  ln»tantaneoiot  flight 
direction  in  the  air  mil**  of  the  tighter  can  he  placed 
on  the  projected  fighter  film. 

At  a  given  itiMlunf  of  fire  Innnnhlllitc  the  handier. 
Then  on  the  frame  eurreMpniiding  in  I  Ida  lino  mil  the 
dlreetioii  the  linliel  hikes  in  the  air  iiiiimm  appears  n* 
a  point.  If  the  pndtloii  the  lighter  would  reiieli  in 
the  n Ir  imiMM  niter  (lie  time  nf  Might  of  the  hnllet 
could  he  plotted  mi  the  mu  ac  fra  me,  then  the  gnu- 
polntlag  error  would  he  known  immediately,  To 
do  till*,  MhppoMO  that  the  tighter  proceeded  over  the 
time  of  Might  of  the  iaillct  at  lie  hiMtinitiiiieoiiM  ve¬ 
locity,  I.e.,  the  enrvatnre  of  It m  tmtli  In  neglected, 
The  ernelal  point  of  the  method  now  appear*,  The 
pltiue  determined  b,v  the  lighter'*  w  ingtlp*  and  the 
bomber'*  euiiiern  iippciir*  mi  the  bomber’*  Mini  iim  ii 
line  joining  the  wingtip*  of  the  fighter  linage ,  Thin 
plane  aptiea  in  on  the  tlgliter'H  Him  iim  a  line  |  miiii  I  Id 
to  the  bottom  of  the  Him  (since  the  tighter'*  eamerii 
I*  mo  moI  with  reMpect  in  the  whigilps)  and  |niMMing 
through  tin*  camera  iiiMtiilhitlnn  on  the  bomber, 
The  plNlte  containing  the  Ilghler'M  liiMtniiliiiiemiM  ve¬ 
locity  and  the  liimihcr'N  emnera  appeiii'MitM  a  Mtrniglit 
line  on  the  fighter’*  Him  paN*lng  through  the  Image 
of  the  ciimern  lii*tiilliitlon  of  the  bomber.  Hliier  the 
Him*  of  tin*  two  emnera*  are  mar///  imrollrl,  tin*  angle 
between  lid*  line  mi  the  lighter  Him  and  tin*  liorl* 
n hi tn I  an  the  ligbtcr  Him  may  lie  transferred  with 
negligible  error  to  the  bomber  lilm  with  re*peet  to 
the  line  Joining  tin*  lighter'*  vvlngtip*.  Tlil*e*tabll*lie* 
a  line  on  the  buniber  Him  on  wldeli  the  lighter'* 
fill  tin*  po*ltlon  iiiiimI  lie,  lint  the  angle  *iditended 
lit  the  iinini il illlHia I  lioinber  by  the  lighter  motion  I* 
precisely  the  detfeellon  rei|iilred  by  the  fighter'*  ap- 
proneli  angle  (meitMitred  on  the  lighter'*  Him)  and  *n 
I* 

will  a 

>I>'F 

Cu 

Coimeipiently,  tin*  future  target  |m*ltlon  I*  estab¬ 
lished  mi  t bn  elm*en  frame  of  the  imiimhlliin'd 
boinbei's  Him  reeord, 

The  metlmd  now  eorreet*  tin*  future  position  by 
eampiitlag  the  flghter'M  itornml  iiceelerntlon  The 


trite  future  position  i«  plotted  on  a  line  passing 
through  the  previoit*  future  position  and  perpen- 
dleitlar  to  the  wlngtfp  line, 

Although  the  proeeditre  Im*  real  advantage*  front 
t  he  instrumental  point,  nf  view  (no  recording  of  yaw, 
pitch,  roll  i*  reipiiretl),  and  from  the  point  of  view 
of  data  reduction  (ImillNtlcH  are  not  n*ed  wince  work 
I*  In  the  air  iiiiimm)  ll«  overall  error*  are  only  known 
t  heard  lenity .  If  him  not  been  carried  through  In 
iietiml  program*  a*  ha*  the  relative  coordinate 
method, 

7.2.5  Dlatmit  Ueferenee  Point 
Motion! 

The  wimpled  method  of  hmmcmmiiiouI  that.  Ini*  been 
devl*i*d  ii*c*  Jn*t  one  camera  lived  to  move  with  file 
gun  with  which  II  i*  hHre»*lglded.,w  It  i'cIIcm  on  the 
evidence  of  di*taat  reference  point*  hiicIi  iim  inoiili- 
tula*  or  cloud*  which  do  not  naive  during  the  hmschh- 
men t  either  nlmnhitely  or  relatively.  If  a  certain 
frame  I*  elm*ca  it  tuny  be  n**uioed  that  eorreet ly 
alan  d  ballet*  llred  id  nit  earlier  IiimI itnt ,  correspond- 
ing  to  the  time  of  tilght  for  the  range  of  that  flame, 
are  hitting  lie*  target.  The  Him  I*  turned  back  by  the 
appropriate  Member  nf  frame*  mid  the  lighter  posl- 
tioii,  gnu  podtlon,  ami  rel'ercaee  point*  lire  marked 
<ai  the  projcellon  *ereea.  Taming  buck  to  the 
original  Inline,  tin*  gun  error  I*  known  b,v  siiporlin* 
po*lug  the  reference  point*,  correcting  original  gnu 
po*lt ion  for  Imlliidle*  and  (lien  oh*crvlng  by  Imw 
nmeli  tin*  original  eorreet ed  gnu  podtlon  fall*  to  be  oil 
tin*  target, 

Ibmpile  the  lack  of  nrenmry,  the  simplicity  may 
well  reeomim'iid  till*  method  for  either  rapid  work  or 
pilot  led*  dedgned  to  show  grow*  error*. 

7,t  ui  im  ciion  or  data 

7. :t.  I  Technique* 

Till*  *eet ion  will  content  II well'  with  a  di*cn**lim  of 
the  teeliidi|iie*  Ibal  have  been  found  ii*eful  In  re¬ 
ducing  the  raw  data  obtained  In  airborne  ted  pro¬ 
gram*,  The  computing  Mchcihdc*  for  piirlleiilar  appli¬ 
cation*  have  been  written  old  III  detail 14 and 
lire  not  given  here,  The  leehlili|nc*  are  flame  con¬ 
cerned  (I)  with  the  rotation*  of  coordinate  *y*lem*, 
Hi!  with  hnllidle  and  |inrullus  ealenlitllnn*,  and 
(14)  with  the  treatment  of  single-shot  probabilities 
and  of  tneiiHiiretnetd  emir*. 
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7.,'i.a  KolMliiMi  of  CotmllmdoM 

It.  Im  tn  I io  oxpoohni  Unit  thron-illtiicnNlmml  gonm- 
otry  will  hennmt  ImpnrInnt  In  uHNOMMinont  progminn, 
I'lxmtipitw  mo  (I)  ruinothiii  of  nnlmntli  mid  olovnllon 
moiiHiirod  with  roN|ieot  to  a  onoiitlmiln  Myotom  do- 
lonnlnoil  hy  n  trieiunern  limtalliidoii  to  hciii'IngM 
with  ronpoet  to  u  cnniilhintn  Hyatom  fixed  In  tho  nii'- 
oml't  Unit  monniM  I  In  wo  enmoriiN  (theounmiiiMnro  not 
nooiwHiirlly  iillgnoil  with  tho  oli-omrt),"<  (2)  ,t  similar 
roilnotlnn  In  going  front  bonrhigM  relative  to  nlromft 
nxon  to  ImnrliigM  rehttlve  to  oil  nlo  ihumm  ciinnlliutlc 
Hyntoni  (tho  nlromft  iimw  mo  mlntcil  In  tho  nir  iiuimm 
Hyntoni  hi'oitiiNo  of  vnw,  pltoli,  mid  n ill*,  mnl  CM  u 
tmtinl'oriiiiitloii  of  migiiw  nionmnrd  In  n  nywtom  loin- 
tlvo  to  ii  oiniinrn  tl.M'ii  In  n  lighter  to  hiiuIoh  niommiod 

h*  n  . I . .  tho  lighter  mid  |miniiol  to  flown 

nt  ii  lioinlmi'  or  nl  n  grniuni  In  rant 

TIiono  o\iiiii|ilof  iinim  i  Ion  I  with  tho  mtutlon  of  on- 
i  in  I  iiint  o  nynloniH,  Tho  imwt  olcgmit  iiiiiI  |ihmiIonh 
mot i ii n |h  of  geometry  mo  tlnwo  einploylnu  niulilx 
nlgelim,'4  Aoeiirdlng  to  tlnwo  mi'lliiiil*,  If  x  U  ii  vwlnr 
In  nno  ooinillniito  Nyxtotii  mnl  X  tho  hhiiio  vector  In 
n  liitiitod  niiniililiiito  nyntom,  tho  twn  me  ooimootml 
hy  tho  iiinti'lx  0(tinit Ion 


"fl* 

II 1  II*  Oil* 

"•I'l' 

“ 

0|  0*  0, 

• 

.1* 

J*. 

.IO|  10* 

..l'». 

in',  Inlolly, 

*  -  8  x 

Th"  niTiiy  S  |h  oimi|iiwoi|  of  tho  illrootlon  oiwiinw  of 
tho  IIXI'H  of  till'  Hint  nyntom  with  ii'N|M<ct  to  tlnwo  of 
tho  koi 'ond,  mnl  unit  id  \  tiiidUplIcnlluii  .wooiillng  I" 
tho  iwiml  nth"  |m  iwoiI 

I'ho  n|i|illoiilloii  of  tho  thoni'y  In  liliwtriiloil  hy  tho 
pmliiom  of  tho  Hlohiliiolitni  nf  rmirilinnli'H, "  ""  In  thin 
(ii i il ill *i ii ,  tho  iikIiiiiiIIi  mnl  olovntlon  of  n  target  nro 
given  In  n  oiiiirdllinli'  k,vnIi'||i  llxod  In  tho  Imnihor. 
Tho  lionihoi'  k,vnI mil  Inw  lionu  nlitnlni'd  IVutii  nil  nil' 
ituiMM  kvhIohi  hy  n  Hoi(tii'noo  of  throe  intiitliiiw 

( 1 )  n  ml n i Ion  In  ynw,  with  n  vortleiil  mxIm,  id  angle  )  , 

(2)  n  n dill  Ion  In  plti'ii,  with  ii  liorlximtnl  iixIm,  of 
n null ‘  /*,  n ml  (it )  ii  rot n f  h m  In  roll,  nhooi  tho  nh'ornft  V 
Inligltiulhuil  iixIm,  ohmuln  /(  (The  ui'iior  Ik  Klmnlnnl, 
mnl  tlio  niiglcN  ini'  |iiw||ivo  whoii  tho  Imnilior  iiuikiw 


'  in  ,H  m  SS  l!n<  |HimImi’I  mnl  ill  S"  w  i'imi|inli't|  hy  llm 
niw  tty  wiliinm  u*!«>  lotlml  Iheelotneul  In  llm  oti  rim  mill  /ill 
mtiimn  of  S\  iniilll|ily  tlm  "IctimntH  in  tin*  ilh  win  of  S  hv 
tlio  i’iim'H(iom||iiu  i'IimhoiiIk  tn  Mm  ,/th  mini, in  of  S'  unit  mill 
Nolo  him  llitf  ruin  In  ii|i|illi<ii  In  tlm  text  to  mult  Inly  it  It  X  It 
iimlrl*  hy  n  I  XII  umtrix  to  olihiln  u  t  x  II  nmtrU, 


adlvluic  i 'diking  turn  to  the  right,)  Tho uxIrnnUi  mid 
oloviitlim  of  tho  target,  with  roupeot  tn  tlio  nlr  miwM 
«y»loin  urn  iwpilrod,  Tho  pmliiom  In  wnlyoiJ  hy  tint 
matrix  oipnitlnii 

x  «  SrS/.S«x, 
wlion  written  In  tho  form 


Sox*  SrS/tX, 

wlion* 


Mill  .'1  OHM  if 

Kin  /t  01  IN  if 

X  «■  j 

OIW  COM  If  I 

,  X  » 

oiw  A  ohm  If 

.  Min  K  J 

L  "lit  h 

S,  «M 

COM  )'  Mill  )  t) 
—  Mill  )’  OIW  )’  tl 

i  So  ** 

“l  1)  0  " 

0  OIW  /'Kill  /* 

„  tl  () 

.0  “Mill  /'oiw  /' 

8„ 


ohm  U  t)  win  if 
t)  I  t) 

.  —  "III  If  t)  COM  lfm 


Allor  Klinplo  oiiloiiliitlon,  nno  tlm |m  Unit 


win  If  *  oiw  /*  com  /'.’[  Inn  l<!  oiw  If  -  nIii  If  mIii  A 
~  tun  /*  oi in  ,|  j, 

xlll  (.1  ~  >  !  «  OKU  A’  NOI*  Jt[|'OM  If  H III  A  d-  Mill  If 

tmi  If], 

In  UiIh  (lonhioin  tlio  niiglcM  /’,  mill  If  nro  known 
Irmn  gym  nuilingM^  mo  thut  tlnwo  fni'innliiM  nro  ooin- 
plotoly  ilotormiiinto, 

In  iiMMi'MMini'iit  pmgrnniM  n  Inigo  mimlior  of  rouil- 
Ingx  imwt  ho  ri'ilnood,  An  oxnot  niiithoiiuitloiil  moIii- 
tlmi  inn, v  ho  ton  Uinn-i'iiiiMiiiiiiiig.  lloiico,  prnhloiiiN 
Mill'll  MM  till'  proooillng  mil'  nro  fri'i(iu*iitly  mil  veil  hy 
iiu'i’iin iiImhih  or  Mtioohil  ciiiiipiitoi'N,  A  nii'i'lmiiiMin 
onlloil  II  f//noV  niiwtniolod  with  piooImIoii  mnl  onii- 
kImIIiiu  of  mt  nt  lug  ii  com  which  nmy  ho  |i<iMiilimcil  to 
nilinlo  tho  nili'iit ut inn  of  llm  nlrci'Hft  with  riwpoot  to 
tho  uli  iiiiimm,  i'iiii  lm  mil'll  lor  Uii'mo  niluoUoiiN,  A 
t ni tini I  Im  provided  fur  oxnot  MottlngM  mnl  iiinrkingM, 

I  lio  iniint  iippriiprinto  ciinipntoi'H  nro  Iiiimi'iI  mi  tho 
prinolplo  of  ( imimoniv  |irojoot|on.M  1,1  Unlng  tlm 
oontor  of  n  Mplioro  uh  tlm  oonlor  of  pniJoHlim  mul  mi 
«'< |iin 1 1 ii'ln I  tnugonf  plntio  n m  l|io  (linin'  of  iii'iijonthiii, 
•ho  grout  |i"lnr  olroloM  of  loiigltudo  prnjoot  Into  it 
I'miiliy  of  Mirulglit  lliuw  mul  llm  munll  i'Ici'Iom  of  Inti- 
tmlo  pmjoot  Into  liyporhnlio  hivm,'1  Tlio  prlttolplo  on 
wliloh  llm  um<  of  tin1  olinrl  Im  IiiimimI  Im  nlirtplo,  liiinghio 
(lint  ii  lino  I’rnm  tlm  Mplmro  oontor  tn  Mm  turgot  Im 
llxod,  Hntnlo  Ihc  Mplioro  nud  ItMHttnoliod  plmitir  grid 

11  I  tm  t  H,  f'liwi  unit  (tom  Ini  to  Murvoy  lin*  tirt'imml  nlnto* 
fur  Inrgi'i  llui'mt'iili!  (Hhuitmitc  M|imi|iiu)  giiitnmultt  rtmi'tw. 
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ul  pleiMiim,  Tint  target  lino  will  tmoo  n  curtain  pat¬ 
tern  on  tlio  chart,  To  1»«  spoi'lllo  lot  tlm  grid  piano 
Iihvo  II.h  normal  lino  ul  mi  eloviithm  of  0s  mnl  mi 
mdmiiMi  of  270°,  then,  If  n  yaw  Ih  to  iio  romovoil,  Min 
gplwro  iiitHl-iw  In  nsslmuth  mnl  tlio  Imoo  iihivoh  along 
tiio  |ii,o|)i*i'  liyporholii  (linn  of  Mpnil  oloviilloii);  If  n 
pit  oil  Ih  to  l>o  romovoil,  tlio  gplioro  rotaton  about  llio 
iiortmil  lino  of  tlio  grid  mnl  tlio  Imoo  uctimlly  ilo- 
wiilioN  u  I'lronlnr  arc  on  tlio  grid  oontoroil  it t  it.g 
ooiitor;  mnl  If  n  roll  In  tolio  romovoil,  tlio  Imoo  iiihvoh 
along  a  gniall  olrolo  on  tlio  gpltcro  w lilnlt  prnJootH  Into 
ono  liyporliollo  oro  of  a  family  nrtlingnmil  to  tlio 
urlgimil  not  limtriimontH  biwod  on  (how  mnl  Hlmlinr 
projootlnii  piinolplori  Imvo  boon  riit'ttMl.*1'** 

7. II, it  ('itlciiliilloit  of  Deflection 

mid  1’itrisHnx 

Till'  oitloiilnlion  of  lln<  ilolloollon  llinl  hIm o ili  1  Imvo 
boon  Inkon  Ih  oiirrloil  nut  by  illrool  iip|illi'iillon  of 
olomoiibti'y  IiIomh,  In  parlioiiliu,  kinoiniillo  ilotloolion 
Ih  ilolormlni'il  by  tlio  i'IiihhIo  limvtuu'k  iuoMmmI.  If  ll  Ih 
iwhihuoiI  Mint  llio  nun  mount  Ih  In  uiiniinunlomtoi! 
million,  llio  range  nt  any  hiHtnnt  oiiu  bo  nilloil  a 
future  range,  mnl  ll  inny  bo  HiippoHod  Mint  n  bullot 
llioii  onrllor  uinlor  porfeet  aim  In  jiwt  hilling  Mm 
target .  Tim  ilopi'inloin'o  of  t  lino  of  lllglil  on  l  In*  orion- 
t  nt  Inn  iif  llio  gun  Innrol  Ih  IiihoiihIiIvo  onotigli  In 
bonrlug  oliniigoH  ho  Mini  Mm  nxliinilli  mnl  oloviilloii  of 
llio  inrgot  nt  tlio  IiihIhiiI  of  HoppieM'd  impiml  limy  bo 
iihoiI  (TIioho  ill  (for  from  llio  Iroi'  boro  nogloH  by 
IhiIIIhMi'  iIi'IIh'Moiih  only,)  Knloring  prepared  Inbli'H 
or  lining  approprlati'  gi'nplw  for  llio  known  nlrnpood 
ii  in  I  Imlllntln  di'imlty  .vIoIiIh  llio  tilin'  of  lllglil.  I’no 
I'oodliig  Ino'k  along  tlio  motion  picture  roooril  by  (bin 
loiiglli  of  tlmo  glvoH  llio  (argot  pohIMmii  ol  Mm  IiihIiiiiI 
of  tiro,  Tim  dltTercni'i'H  In  Htnblllm-d  iixiiniitli  mnl  ele- 
V  lit  Ion  of  llio  loo  tnrgol  poHlIliniH  glvo  llio  mm- 
pinion t h  of  klliniinitli'  dotloi'lloii  (We  lin'd  mil  Inbor 
llio  I'vliloilt  iIoIiiIIm  of  IhiIIIhMi'  i'iiitooMoiih,  except 
In  point  mil  tlio  iii’i'i'HHlty  of  Hpoi'lnl  clinrlH  ’l<  mid 
ouiiipntliig  iiiiU  In  Himli  iiiiihm  prodiioilim  oponit Imiw, ) 
Tim  oori-i'i't  ilolli'ot  Iiiiih  inny  (lion  bo  plot  Ini  iignlnni 
odd  Minna  (iihhi'hhmioiiI  IIiiioh  oiIiiiih  tlioo  of  lllglil !  mid 
it  cum'  limy  bo  Hiimotbod  tliroiigb  Mioho  pillule. 
Tim  udviiiitiigo  of  MiIh  olomontiiry  Mmobaok  Idoit  Ih 
Mini  full  iillmviiimo  Ih  miulo  fur  (argot  iiconleriilliiii, 
Allowmii’o  fur  llioiu'i'i'loriiiton  of  tlio  non!  or  of  gravity 
ul'  llio  gnu  mount  Ih  mill'll  muro  dillioiiH,,,IM,“  To 
•Into,  Himli  itllowaiioo  lain  boon  ommlilorod  iinin'i'i'HHiiry 


einon  violent  it  voiding  aotloii  law  not  boon  «oHoti*ly 

Hltidli'il. 

A  parallax  ooi'roolimi  In  tlio  boating  of  Mm  tnrgol, 
mind  iwtiitlly  bo  tmnln  Itorniign  of  tlio  approolablo  (IIh« 
placement  of  gun  pogltbm  from  that,  of  l  lio  recording 
iuHtriiinoiit,  In  find,  If  a,  h,  o  am  tlio  cnocdlnatog  of 
llio  gun  rolatlvo  to  tlio  oitniom  In  Mm  nlrornl'l  eoordl- 
imto  gygtem,  Mmii  tlio  lulmuMi  and  olovatlon  of  Mm 
tnrgol,  rolatlvo  to  tlio  turret  may  bo  called  A  +  A4 
mnl  A'  -f  AA\  ami,  when  llio  rango  Ih  r  from  Mm  turrot 
mnl  r»  from  Mm  nimom, 

r  g|u  (4  f  A  4 )  ooh  ( A*  -f  A  A')  «  r„  hIii  4  ana  A’  —  a 

r  ooh  (4  d  A4)  ooh  I  A' d  AA’)  *  i'n  one  4  com  A'  -*  h 

/•hIii  (A' d  A  A')  ■*>  r„  mIii  A'  —  c, 

I'n, In  Mioho  oiplat liiiw  tlio  apprnxlllintiniig 

f,  hIii  ,1  a  ooh  d 
A 4  «  .  ,  * 

I  OIIH  V. 


ini'  iibtidiM'il,  lii  prarlioal  work,  a  and  o  inny  nornmlly 
bo  iM'gli'Hoil  and  Hiillidilo  oliartH  may  bo  propiirod 
from  w blob  tlio  onrrootloii  may  lie  road.  Ah  an 
altoroato  to  llio  furmnliiH,  tlio  parallax  oorrootlnii  may 
bo  mmlo  by  amitbor  moolianlgm  wltti  an  out  it'  nalim 
llio  /i/a,rio,M 


7,,‘t.  t  Kfforl  nf  Krmra  lit  MeiOMire- 
incut  iitul  Slngle-Mhot 
lilt  I'ruluihllillcN 

Indirectly,  tlio  iIIhoiihhIiiii  alaivo  Imlloiltog  Mint  I'o- 
d i n't 1 1 hi  of  tin’  raw  data  lain  lin'd  brnugbt  to  tlio  point 
whore  i'I'ioih  la  gun  atm  aro  known  iih  finmlioiiH  of 
Mum  uvor  nil  at  tuck.  Tlio  noxt  ipmntlou  Ih  a  nntnrul 
olio:  If  a  nlhglo  Imllot  |h  lin’d  ul  a  glvon  liwtmit  with 
Hiii'li  I'iiIho  aim  u lint  Ih  Hh  probability  of  billing  llio 
targot?  And,  upon  doopor  naigldonitluli,  liow  Ih  MiIk 
probability  alfootod  by  tlio  ninimiroinoiit  error  oiiiii- 
mlitoil  In  Hinting  llio  gun  error?  (Himli  orroi'g  In  iiioiw« 
iil'omi'iit  iiiuhI  iii'Iho  Iiooiiiiho  of  inioortidiit  ton  I  lirongli- 
i ml  Mm  proooHH  In  obHorvaMuii,  uiiioldno  bolmvlnr, 
rooordlng,  and  oalciilut  lull  ) 

Tim  Hint  ipioni  Imi  may  bo  mwwored  Initially  on  Mm 
iiHHUiiipMi,.,  Mail  l lioro  in  no  moiiHiironionl  error.1 *Mi'' 
( ’ortalii  in  hill  bum  I  aHNiiniptloiiH  about  tlio  targot  and 
about  bullot  iIIhpoI'hIoii  aro  mmlo  bobiro  proooodlitg 
wit  Ii  llio  mi  ft  1 1 1  ton ,  Tim  tnrgol  lg  umviulHtomllu  ind- 
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nernbk,  Ki»r Htinli  u  target  the  probability  Mint  n  lilt  Ik 
UjIIiiiI  depends  mi  the  position  nl'  tin*  lilt  Imt  Ik  Imlc- 
ptmdciit  »»f  llm  number  nr  location  of  earlier  lilts, 
Aliunilniit  evidence,  I  ml  It  theoretical  and  empirical 
in  clammier,  Indicate*  Hint  this  Is  n  vnli.l  assumption 
In  make  nlmiit  fighter  aircraft,  It  Is  recommended 
further,11"  tlinl,  till’  typical  fighter  target  I  hi  i*<*plai,i*i  1 
hy  n  sphere  of  diameter  A  f!  with  n  uniform  viiluer- 
uhlllty  factor  of  0,40.  This  mean*  Hint  if  n  Indict  hits 
the  previously  mnlostroyed  nphcrc  at  any  ptilnt  Mm 
pint  mill  Illy  Mint  It  will  In*  lethal  Is  t>.4<>.  Turning  to 
tho  I  mllct ,  n  nun  In  r  displacements  may  lie  measured 
In  ii  plinio  of  iii'tlmi  (the  philie  containing  target  ami 
gmi-iimmit  velocity  til  u  given  instimt)  nml  perpen- 
ilienliu'  to  t hits  plane.  Thus,  If  n  perfect  Inillet  with 
no  illspei'Klon  were  tired  wlthn  given  itliiilnx  error,  (lie 
relative  lingular  sepnrutliiii  from  target  center  to  the 
Imllet  when  liolli  lire  nt  eipnil  mime  may  lie  called 
(/)  «*  (,r,,.r,),  The  nun  error  ttenemted  hy  the  lest  |h 
(j1).  An  actual  Imllet  llreil  with  gun  error  (/)  will 
have  a  relative  angular  Kepnratloii  from  the  target 
renter,  when  lint  It  are  at  the  same  range,  of 
(,r  Ii)  «•  (j1,  f  h),  .i'j  +•  fi9) ,  where  ( h)  Is  a  ineasiire 
of  (llspershni.  (Htrletly,  the  iictnii!  Imllet  Is  assumed 
to  have  the  imiKRle  velocity  and  initial  yaw  of  the 
perlerf  Imllet  for  reasnas  of  range  uudehlug,)  It  Is 
snppi wed  Hail  (//)  Is  disl rllmled  iiermnlly  with  a 
mean  of  (0,0)  and  a  variance  of  (4)  -  (oj!, ,  4„),  Tin* 
ipiantity  (It)  Inclndes  the  effect  of  IIcIiik  at  a  fixed 
tai'net  as  well  as  the  excess  In  alia  dlstnrliunce  In 
comliat  over  the  dlstiirhaiice  In  a  lest,  The  variance 
(4)  Is  called  the  flan-mount  variance, 

With  these  assninpllon*  It  Is  evident  that  the 
achinl  Imllet  will  hit  the  spherical  large!  If 

(•i'i  T  Ai)v  4-  (.»’»  4-  <  4, 

where  /•  Is  l he  angular  radius  of  the  tii i'K<<t  at  the  ln- 
stnnl,  when  the  hnllel  is  at  the  same  range,  In  other 
words,  the  proiiahillty  that  the  Imllet  wjj|  hi!  the 
larxet  Is  tlie  volume,  under  the  two-dimensional 
normal  dispersion  surface,  erected  on  a  circular  Imse 
In  the  {h\, In)  plane  of  radius  a  and  center  (  —  mi,  ~-.ru). 

I  lie  single-shot  lethal  pt'ohaMllly  Is,  eouacipicnlly, 

" Jv,r . . . 

"  0.  Ifftj'o 

where  T  Is  dellneil  hy 

a?  4~  «J  <  4, 

I  lie  first.  (picMthm,  as  to  the  single-shot,  probability, 

Is  answered  romplelely  If  tills  cnlciilalhiu  Is  Mined 


lo  permit  variations  in  imuitlc  velocity  and  initial 
yaw,1*1  Thu  refinement.  Is  accomplished  by  netting 
/i  •>  c  +  4, 

where  r  Is  qimai-ttlmitli/  and  4  Is  ftuiimtinfl  (lit  the 
sense  of  the  second  classification  of  errors  of  Hoe- 
I  loo  7.1.2), 

The  effort  »*  of  a  measurement  variance  (a*)  may 
now  he  Introduced.  Instead  of  knowing  (/),  otic 
knows  only  (jf),  where 

«  /,  4*  I/, 
tt  -  .rj  4-  //»■ 

I'he  I olnl  measurement  error  (//)  may,  in  its  turn,  he 
written  as  a  sum  nf  a  i|imsl-steiuly  part*  (h)  and  a 
tluetuiitliig  part  (in),  It  Is  the  tluetiiatlng  part  which 
has  the  varlanee  (»,?,),  The  prohlem  Is  to  esihnatn 
the  lethal  probability  /i  as  adeipiately  as  posslhlc 
Using  (t)  and  The  estimate  of  p  aeleeted  Is 
/>'  •»  I).  Ifi'Mt,  s*;  a;  «r,,  a,), 

where 

! J  y  y 

<»i  »  4,  ~  i>„, 

ffj  •*  tl,u  —  ff„„, 

( I  lie  mihlriiiiiiin  of  varlauecs  should  he  carefully 
noted,)  'Pirn  sense  In  which  4  Is  an  adei|uate  estimate 
of  /i  Is  that  Its  weighted  average  liver  tin  universe  of 
possible  t hi)  (or  It h  expected  value  with  respect  to 
(in)), 

t)  I  /*  f  f  »»  «  t 

|  I  f1  *N?  lit*-),  w!  yi»m# 

2  nr*,*  ♦ft «  */  :n  */  —  **» 

f»(.r,  4-  hi  4-  in i,  ,ra  4~  h'i  4“  hi»!  />',  it,, 0-1)1/111,1/1111, 

Is  precisely  eiped  to 

I),  |f«(.ri  4  /ii,  .**»  4-  fisi  pi  Oh„  ith,), 

The  result,  and  with  It,  the  sold  ruction  of  vs  ri¬ 
al  ices  mine  a honl  ns  follows.  Htnrtliig  with  the  Idea 
that  the  weighted  average  of  (t(i,,  a;  ,*t,  *»)  should 
he  h'i/,,  .i'll  a;  ro,,  a,,,),  when  (1  Is  put  eipad  to  net  11, 
the  Identity 

/•  r  •  /•  i »  I  1  ,  1 

I  I  ..  .™. ,,  «i  ?n»-,  -»o  ,  1 

J  2irc.W|a(fi,  2  a  a  my 

V  r'  w"'  illUfllM, 

I _ 

2*  V  a-„  4  afN/^,,  4-  o*  ' 

,,  He  «l*  8l»l«i  ♦«()-  In,  ,-#))«,  l»t( 

clearly  rei|iiires  4,  -  <r«,  4-  which  yields  the  a11 
described  above. 

-  It  will  ant  !m  Inferred  tlml  the  i|im«l-»leMitv  inirt  af  flic 
laciisuri'iiicat  error  tins  nny  relidtoii  to  llm  i|im»l*»lcrtit.v  mao 
liolalliiK  error,  't'lm  mime  remark  applies  to  llm  fluet’imtlau 

(tit I'I  . 
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THE  EFFECT  Of  DISPERSION  ON  THE  PROBABILITY 
OP  A  HIT 

p  VS  «r/fi  TOR  FIXED  VALUES  OF  >/> 
(LOOARITHMIC  SCALE) 


,0900 


,0020 


,0002 


I'ii 1 1  iik  I,  till  iii'iilmlillitli'x, 


III  ii  finin'  «x|i(<i'liiii,iil  ll  Im  niiirch  iiIiIo  I  tin  I 
tt  'i  >  nt  I)  ''im  In'  pIiowii  Himlylli'iilly  m  Unit  tlm 
iiimvi'  Hiilnt Ion  pxImI*  iiiili|iinly  wIipii  ituil  only  wIipii 
«m  <  *t 

lii  (ii'fii’t Ii*mI  work  It  In  nut  iiminlly  iii'i’iwnry  to 
I'Viilimto  tlm  ilmilili'  liili'nml  iMIiiIiik  //',  Tim  iip«iiiii|i- 
I lint  ciiMiimnily  n in* In  in  Hint  in  ■»  m  •*  a,  Tlion,  II 
(Jib  illntiiiH'i'  f  »  -f  tt\  Is  limit,  tlm  jiri il mldllly  />' 
i'rvn  Im  I'xpi'i'MNi'il  nw  ii  fiiiii'tlnii  of  p  tr  mill  f/v,  HwmmI 
on  Inhliip  mmln  fur  wiitti'i'  linmliliuj,®*  t'lmrtP  Imvo 
lint'll  |irn|mri'il m  wlilnli  fioi’inlt  mu*  to  rmil  /»'  (nr 


riitlmr  />'  II  I)  illinntly,  Two  of  t lnw*  nliiirlw  n|i|miir 
liorn  up  FignroN  I  iiml  11, 

7,  t  MKANt.’HKN  <M  NmCCiTIVKNKNN 

7,1,1  HiM'oiiimrnthMl  Mmsiirr  mill 

Otlmrs 

If  mi  olijncllvn  of  mi  iilrlinmn  ftpmwuimnt.  jirounim 
Ip  to  1'p.i.k  two  or  morn  tiro  I'niitrnl  nynttMiw,  pi  min 
Hint Imm I  of  cmn|)i't'Hplnn  hIiikIi1 -pilot,  imnlmhlliMop, 
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punoil.  Oho  mlislil.  ilntnrmlne  t lit*  expoeteil  number  nf 
lilt m  mi  Him  laiHot  por  oiiKiiKWtiont,  Two  ohjeellimn 
nmy  bo  mlw'il,  Klral,  clnee  the  tni'not  In  HinmiuliHun- 
allv  vuliiomblo,  there  I*  tin  omniilnlivo  olTtvf  of  iihii- 
lolliitl  lil I m.  Ho, mini,  hmiiiHe  uf  Hoiinl  eoiToliilhm  In 
t  li««  uuii-poIntlng  oituih  iliirliiK  t  ho  ol  luck,  I  In*  mini- 
her  nf  leflml  liilH  oiiiniot  bo  run  vei  l  oil  into  u  ilenti'iio- 
I inn  pi'tilmblllly, 

A  co ii  1 1 1 it oi  Ill'll  lull  iiionmiro  Imn  boon  t  lit*  hit  lex  / 
•lollnoil  by  llio  oNproaHion 

,  ( Mullet  iloiiolty  «m  tiir«o( ,  iihIiik  llio  nyntom) 

/  nf  |  ( )l)  i 

(HI  a  in  In  n  I  I  ii  1 1  let  ili'intlly) 

'I'ho  nl  ii  in  In  nl  Imllol  tloimily  in  llio  ilwiMlty  lit  llio 
Ik m H  i'iihko  nl'  llio  nunio  ininiboi'  uf  I oiiict ( iiw  in  1  he 
iiuiuoi'iitnr)  ilblillinloii  ii nil'i iriitlv  over  n  oirrlo  I”  in 
illnmolor,  With  llio  olti  uf  /,  iloloiinlnoil  by  export* 
iio.iit nl  pmeoihiron,  hit  i'\|«t*tit it! htiiH  mill  llio  (iritltn 
fillil y  uf  MtioooMit  in  mi  oiiuiiKoinonl  Im vt*  boon  onion 
liilod  ,i'''  Thin  iiioiihiiio,  mill  nllioiH  Imvo  boon  euro- 
fnlly  review oi|.l,ln 

\  1 1 1n  ii  ikI  t  llio  t  IIhciixmIi  hi  lioi'o  ntvoM  In-iillloioni  i  It*- 
lull  In  inn U o  il  oviilonl,  llio  prohlom  uf  iuoiihiii'oh  uf 
olToof ivoni'HH  In  nupliintionh'il,  Olio  onli  bo  toil  In 
w|iooi,lnl  Iiiiih  n  but  1 1  llio  rein  1 1  vt*  worth  uf  hvhIomih 
whom*  poi'ful'niiinooH  iih  n  I'niiet  hoi  uf  |un«-  mu  I  nlout- 
1'iingo  invert,  Ouo  onti  iilloiu)il  lu  preiilot  oxpoeP'il 
Iiixhom  mill  ten i oh  In  oinubiit,  on  ,  light  oi'h  hIioI  iIiiwii 
pnr  buinlior  lint),  whililill'  lu  IIiiimo  i let eoiu iuoi I  lifter 
llio  ovolil  ft, dll  mi  Mint I,Vh|h  uf  ouiiilnil  n*oni,i|H.w*  It 
in  likely  tfuil  iIioho  nuhlloiion  nro  iiiiiplicnpi'liito  In  llio 
OtIITOIl!  Ht  nl  o  uf  llio  mi  Mill  llio  III  toin|it  In  I'olnto  II 
n  pmlioiilm'  •  im'Iiii ien I  In, moli  uf  nil1  wnrfiiro  lu  llio 
uvoi'itl!  nit i in t inn  nmy  wo||  bo  pronompoil  In  llio 
bit  uro, 

7.4, it  IO*|mm,I«*«I  Proportion  of 
Siirrt.mtfiii  l'hign«rmrnlH 

Turning  limv  lu  llio  Hint  ciilorloii,  llio  ex  pool  oil 
I m i| ii o  t i< in  uf  ongiigonmiitH  xv  hit'll  will  In  nuooonnfiil, 
Miippuno  I  lull  nllolt  life  tired  lit  I  inion  h,  It,  h  ■  •  ■  tlur- 
Ing  n  pmlloulni'  n m  The  pfiibitblllly  Hint,  llio  tnrgol 
will  hiii'VIvo  llio  Hint  ,  hIiuIn  In 

nil,)  -  [I  -  p'(f,).][,l  -  Ah)  .1  "H  “  A*>  >]. 

( 'miwMfiiniit |y,  llio  pfiiliiiblllty  t hot  llio  target  will  bo 
iloHlrnyoil  (luring  the  tint!  ,  nth, it m  In 

,/(/,)  -  |  ~  *(/,), 

luuviiloil  Hull  flio  bomber  In  luvuiiioriiblo  In  l  lio  Hemte 
t tint  It  Pint  tiro  tlionn  i  nlnitn,  Hllion  wo  wlnli  tu  work 


with  ,i  lypo  uf  turtlriil  nil  nut  inn  rut  hor  tlmu  ii  pur- 
tloulnr  lit  fuck  uf  tlml  typo,  tlm  oxpoeteil  value,  /i(b) , 
of  tl(U)  In  roi|iilroi|,  One  nmy  think  uf  /iff,}  un  re- 
IWrlug  lu  un  engagement  Involving  ii  |otr(  hmlur  typo 
nf  aft  nek  mill  lypo  of  tiro  eioil ml,  but  with  it  minium 
noloolinn  nf  lighter  plloln,  gunnoiH,  oipiipmoiil  npool- 
moiin,  wont  her,  mill  like  vnrlnblow, 

Tlioronro  two  wiiyn  uf  nnlinmting  /iff),  The  illreef 
mol liuil  ilolorniliion  ,/(/)  fur  ouoli  uttHok  uf  t ho  type 
mnl  furiiin  mi  average  of  the  roxnlllug  vitliion,  TIih 
nliilinlinii  i  in  >1  In  u  I  nl  I  emptM  In  ilonorlbo  llio  unlvorno 
uf  Mini  cituih,  iitmlo  1 1 1 1 i  i n u  nil  nllnokn  uf  llio  typo,  by 
oorlnln  (inrmuolorn.  /iff)  in  lu  bo  omIIihiiIoiI  fruui  llionn 
pnrniiiolorn,  I'iir  esinof tie,  Il  nmy  ho  iihhiiiuoiI  Unit 
linn  orrurn  run  bo  iloxerihotl  un  u  Iwu-illinoiiniuinil 
(linmnlnii  illnlrlliullun  with  tin1  piirmiwlern;  menu 
l rn voi'ho  ori'ur,  llionn  olovntluii  ormr,  vmiimoo  uf 
linverne  orrur,  viirliinoo  uf  olovnllon  orrur,  oorroiit- 
,  ii  oi  oiiollloioiil  iif  t  rn  vi'i'no  mnl  olovitllun  orrurn.  Tim 
inlotpinoy  uf  lliln  fin rl ieiilu r  ilonorlplluii  nmy  lio 
i|llonliuii('il  nil  llio  Ki'oiim I  I Imf  llio  effect  uf  noriitl  our- 
reiiit  iuii  in  it  Im  wiunlor  during  n  I'opronoiilullvo  uttuok 
lum  boon  Ignurcil,  If,  however,  llio  unlvorno  nf  gnu 
orrurn  cun  bo  ourroolly  itonorlbod,  I  lion  llio  nlnllnlloitl 
inel IiihI  in  hi 1 1 to rli ii  lu  llio  illrool  mol Imc I  lu  Hint  II  In 
Hlulln||i'i(llyo|||oloiil,o.\lniothin:  I lieiiiiixhniiiit ititittniil 
uf  InfuriiiiiHim  fluid  llm  iivnllubio  diiln. 

Tlio  viiluo  nf  /iff)  mh  a  ihofimii'o  uf  effort  I  vuhohh  iluon 
mu  t |e|tt<od  mi  llio  iiHHtti«i|«l itiu  nf  buinbor  Invnlnor- 
iiblllly,  If  .1  mnl  H  uro  two  tiro  omilt'iil  nynloinn,  fur 
\\ liieh  //iff)  mnl  Dud )  nro  known,  mnl  If  /i,i(f)  In 
Uro, dor  tlmu  Dull)  fur  nil  vnlnon  uf  f,  I  lum:  A  In 
niiporlur  lu  /<  In  llio  noiiho  tlml  ,1  will  onjny  n  uroiilor 
prupui'iiuH  uf  hiiooomm'h  l  Iiiiii  Ii  wind  her  hiiooohh  In 
(lolini'il  un  llio  ilonl mol lun  uf  ii  Iih'koI  by  mi  itolunl 
(viiliierii  I  tit* )  bomber  ur  un  llio  nurvlvnl  uf  mi  uoliuil 
(viiluoi'iihlo)  IhiuiIm'I',  i'ho  lliourom  roi|iilron  ilelnllotl 
pi'imf xx hleh  will  nut  ho  ropruihn'oil, 

7.5  OPTIMUM  IMMPKHHIOIS 

7, A, l  Kxprelution  of  Optimum 

INtltrrn  SI*o 

III  iioiiiil  nunnery,  ilhpi'mimi  In  onnoulliil  If  liltn  urn 
tu  lie  neuroil,  Tim  roimnu  In  t hut ,  with  tlmno  woupumt, 
n  Imrot  in  lived  with  u  oorlitlu  Itlun  lu  nliii,  The  inoun 
pn Inf  uf  luipiiot  CM  1*1]  In  illnphu'oit  from  the  ooutnr 
nl'  llm  hiiihII  tm'nol  mnl,  xvlioii  llio  Ml*!  In  tiff  turunt, 
»»i'(i  illnpomluti  inoiiiin  Unit  nn  lilt m  urn  nhhtltinil, 
With  thn  iiliultiK  ori'iii'H  nf  I'lirnmt  nynloinn  tho  MPI  Ih 
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mri'ty  on  target  for  more  Hum  a  fmrtinn  of  a  nooond. 
In  flirt,  for  nyidnnw  In  which  Ilia  MIM  can  be  kept  on 
*<»’  (Ui  H|»l»r«'«*l»l»lo  length  of  time,  If  Ik  dodmhle 
tn  renounce  fin*  principle  of  rn | ili I  tiro  of  Minnll  calllmr 
projcctllea  In  favor  of  alowor  fire  of  larger  cnllhci'  oiich, 
The  vulnerable  hiiIiihoii  of  the  target  liicrcnaea  with 
I'nlllii’i'  op  to  i  lie  point  of  coinpli'tc  h( met inal  failure 
i'»i»iwil  h.V  it  hit  on  any  part  of  the  target, 

In  the  oppoHltc  direction,  oxcomhIvii  dlapcraliiii  Ih 
iiialeHlralile,  liven  with  a  perfectly  ahiieil  gun  Hie 
Hpnelug  coniil  tie  ho  large  hot  worn  Indicia  of  Hie  Inirat 
that  the  hioiiII  target  limy  I'Hi'iipe,  Large  illHpei'HloiiH 
are  1 1 hoi |  in  warfare  only  iigeiiiat  large  t argot h 

Lvhhlitly,  one  look*  for  an  opthiiiini  nine  of  the 
illHperHion  pattern.  The  i lot ermino t ion  of  thin  nine  ile- 
HihKiIh  n  knowledge  Iihtiillied  from  cvpcrhuciHnl  pro* 
gniHiH  of  the  iiidverHO  of  gun-pointing  errora,  al- 
*  hough  ll  In  piiMHihle  tontteiiipi  lo  uxo  Indirect  niiiduil, 
h  il  <  am  a  1 1 1  m  Hiirli  iih  iiiiioiIm  tired  per  enemy  itlrerali 
ili'Htrnyed  in  an  mini, vain, Such  a  priHcdiirc  ia  of 
'lonhtful  etlirieney  ainre,  not  knowing  how  Hie  gun- 
pointing  erroi'a  vary  and  how  they  are  aerially  cor- 
relaled  with  range,  It  nmat  aaaiinie  a  lived  target, 
al*e  and  n  eoiiataot  aim  error  (or  one  Hail  variea  ar- 
‘•ailliig  to  Home  aii|ipoaed  dial rilnit ion).  To  uptimlre 
the  diaperaion  w  illi  liaaiiliillce  one  lieeila  preelae  gull- 
pointing  informal  loo  and  ahoitld  nae  Hie  |eehiiii|i|e 
o|  Sort  ion  7  I  .2  to  i  let  ermine  I  lie  overage  deal  rnet  loll 
pnil  itihllily, 

7.S.2  NonI*  \t  llll'kn  oil  11-2‘i 

I  lie  deterudiaii ion  ol  optimum  diaperaion  aixo  ne« 
cording  lo  thla  arliednle  appeai'a  nltrnellvc  In  con- 

nei’tioii  with  lioae  iiilarka  on  the  H  iilt,""  . .  os 

I ri'iiii'lf  arrnrate  data  are  in  nlhihlr  Inna  leal*  on  (lie 
tenting  engine  of  the  Win  Heaenrrh  Lahoriitory  of  the 
l  liiveralty  ol  I'oviih  The  allaeka  were  IioHi  pnre  and 
ai'ioilyiainiie  pnraiiil  cumaca,  l''oiir  inoilllleiiliona  of 
the  lioae-Highllng  alntloiia  with  twelve  replica  Ilona  of 
'•••••ll  III'  filin'  lit  I  ili'ka  llirilialied  llhi  aamph'H  of  the 
l,V|"‘  ui’  tai'Hen!  aitiaiHon  in  ipieaHon  Slv  giaumr* 
Were  i|aei|, 

The  mill ierli’11 1  \  iihli'H  of  Hie  vm  lioieea  (aee  Hoc- 


'  hi  hit"  IKMKlitlii*  mi  MChliil  guiltier  ii|ieotlea  Hie  pjuhHiig 
irii'i'lmiilaia  itgidn*l  ii  progriatimeil  targe)  ivIiimc  melton  H 
very  rcidUtlc.  '(’tie  miitilihie  record*  I'lialliMliiaaly  Hie  gun 
"i  iei'H  In  I  rn vi iron  mill  eleviiHna,  tl,  of  coiirae,  him  piekimwL 
edge  of  Hie  eiirreel  viilaea,  A*  tl  laiij-ir  Hitviinliige,  (opIleiiHon* 
me  |m wall ilr  in  which  only  guimer  unit  algln  a|n<ennen  him 
vnrltihliw.  t'ven  plot fttim  motion  la  progriaaaieil, 


flnii  7,4.2)  lire!  v{  m  2,58  (after  tent  a  g(  the  AAV 
(Vntrol  Mehool  for  Kinxllile  (limner/  uf  Laredo, 
Teviin) ;  a'*n  «•  1.10,  «•  »  0,41  (nut  hnatcii  of  nmolilno 

lien i limy  at  the  l/nlveralfy  of  Texan,)  Wa  nliall  take 

«  -  s/am  -  Vfff  -  el,  .  1,33  miUl- 

milliirm.  TlmreHiiltnof  a ealenlaliiai  oil)  (Hie average 
of  all  dent  rnet  Ion  prolmhllltlea  with  t  net  eipml  to  the 
dttriit Imi  of  the  attack)  an  a  function  of  m,,  by  the 
nicthodn  of  Section  7,4,2,  la  wlimvn  In  Figure  3,  The 


*5,  IN  MIL! 

l  lol  MM  :i,  Avemge  |0 "loilolll  \  of  ui  leiial  one  loHnil 
lilt 

lignre  alaii  given  a  U.I./f  jldorhil  gone,  Thin  tneiina  I  lull 
Ihe  protiniiillty  |a  ti,iin  linn  U  lien  in  the  iniervid 
almw  a  for  any  given  m„ 

It  la  concluded  front  I  lie  figure  Hud  the  opHiuiilii 

diaperaion  larn,  -  3  mllli . Ilium.  However,  Hiencfiml 

Mtlue  a,,  »  1,111  eoiTeMpoudn  to  it  denlriirtlon  prnh- 
"I'ilil.v  id  tl,2A  which  In  only  0,113  lielow  flu  inaxluiitui 
prol nihility,  Ahold  nil  that  cuti  he  nahl  definitely  In 
Hint  tti,  alintihl  nut  he  reduced  lielow  It n  pcenniit 
vidiie, 
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7,s,o  Theoretical  Solution  for 
Fighter* 

in  Mpltn  of  tlio  oui|>IiiihIh  of  thin  flmpter  on  tlm 
nweonnlty  nf  prei'lnn  experhuniiliil  rt'Niiltn,  t hero  me 
eerhilti  tiilvmikugen  to  mt  entirely  tlmoretii'iil  o| i- 
priMnh  to  tlmne  pritlilemn,  The  itvemgt*  iiHnennuii'iit 
progimii  Ih  complli'itteil  itml  eonlly  In  mnli'rlel  mnl 
perMiutitel,  IIm  i'oih'IiihIoiin  nmy  Im*  reimhed  tnn  Into 
mnl  even  then  may  lie  nnhjnet,  in  I'eiiHiire  on  grninnlH 
uf  (*X|ii*rliiu>ittitl  ilenlgn  in'  iti'i'iniicy.  In  the  1 1 . . . I 

I  ii'ii  I  ini'll  I  tin'  vai'Inlili'H  inn  iilwiiyn  nnili'i'  emit  ml. 
Tlii'  I'l'lal I vi<  i'ITi'i'In  of  vni'liiiiiiii  In  illlTereut  piiruin* 
I'li'iN  nmy  In'  ri'iii  Illy  Htmlli'i!,  Hueli  n  Ml  inly  Im  iiIho 
nmiii'Mt  enough  to  Hliite  mil  w  Im t  will  Iim|i|m<ii  lint 
wlttil  tin'  rnnge  nf  ii'Hiiltn  will  Im  ini’  mi iitn<  range  of 
Mtrliililllty  In  a  | m I'linii'ti't*  win  wo  vitliien  I'liminl  lie 
klitiwii  I'Mii'tly,  Will'll  IlH  I'i'kiiIIh  |inlnl  In  n  illicellmi 
lin|i'|ii'iii|i'iit  of  niii'Ii  rmignn  of  Miiliiliillly,  It  Ih  i'(tii. 
I'IimIvi'  ntnl  mi  i'N|i«'li ini'iit ill  Hlmly  |h  nliviiiteil. 
Mniilly,  tin1  tlii'iii'i'lli'nl  n| i|ii'i mii'Ii  limy  li'inl  In 
t'l'iiiiiiinv  mnl  1'ltli'li‘ni'y  In  i*\| M'l'iuii'ii tn I  pingmiii*  I •>' 

I I  lit  mi  i  ik  I'Mii'tly  wlmt  iIi'IiiIIh  ni'i'il  mi  i'in|iirirtil 
fl  lllllllil  l  Inn, 

Hiiiiii*  of  l  lii'Hi1  in  I  vii  ii  t  ngi'H  ii  i'c  IIIiihI  mini  liy  ii  hIihIv 
of  tlic  pi'i'fiii'iniilii'i'  nf  ii  tighter  ii  lilt'll  tt  dm  I'ltr) 
illri'i'ti'il  liy  n  gy ni  guiiHight  (the  Murk  2,‘ti  :"1  Tim 
lighter  ni iiii'kn  n  Ini'tti'l  Ilyina  mi i'iiIkIi!  mnl  Icvi'l  nt 
I'oiiHtmit  npi'iil,  To  ili'li'i'inltii'  tin*  ImihIi*  pimiiiuu  mnl 
niii'Ii  In  l  Inn  of  tlic  Hull  l  nr  ill  nii'li  liiHlunt,  It  In  iih* 
Hiimnl  I i i'm t  Unit  n  perfert  imi'Hiilt  cum'  |h  tluwn,  To 
get  mIiikIi'-mIii it  pnil ml illltli'H  t Ii|m  nrlniitiilliin  Ik  per- 
liirlinil  li.v  lltn  muttlint  I'rrnr  iihhiiiiiiiIIiiiih  (I)  perfeet 
tmige,  (V)  i'iiiihIkIi'Ii!  llinli'l'  I'liiiltn  liy  It)  |int'  nnltt, 
(0)  ('iiiiHiiti'iit  iivnr  in  DM"  I  iv  ID  pi'C  I'i'iit,  mnl  (ti 
varying  Id  mi  'in  |  M'i'  ri'iii  innli'r  ruiiun  ut  Him  m|  to 
2ft  I  nr  ci'ii  I  over  ni  i  ik1'  ni  'it  II I  yil;  mnl  1 1\  1 1  in  I  iiiuklug 
iimiiiiiptlniiH  nf  (  h  perl'eel  trimklnu,  mnl  (2i  Ininkltnt 
with  a  I'h'i'nlnr  in  iriiin  I  i||*it  illuitliiii  uf  citiiI'h  mi  i  I  lint 
Ilm  plppi'r  Ik  within  II  imIIIIi'iiiIIiiiim  uf  tin*  target 

1 1 1 > 1 1 1 iK  fttl  pm . ill  uf  I  tin  limn.  fHiinh  rmiithut  mnl 

I  ranking  iihhimiiiiIIiiiih  nmy  I'utnn  I'ruiii  rn|ilil  | *n*- 
llliillini'y  expnriiuuiilutlnu  nr  uveii  fruni  Hiibjeutlvn 
UMlIiiinlnH  liy  npui'iilui'H, )  in  m  Mil  Inn  In  IIiuhu  oper* 
ntlnliitl  nri'ni'M,  i'Iiihh  II  errum  will  unmir  Iiui'iiiihu  uf 
tin*  |uil't liMilnl'  I'liltlnutluii  ul  I  linn  uf  Might  III  Ilm 
Hlltiit  III  hint,  If  A*  Ik  tin*  iurri'i't  Inml,  Ilm  HiglitV 
llinn-iil'-lllulit  iuiiltl|illnr  hIiuiiIiI  Iii* 


wltni'n  0  In  t)in  iipprimeh  tingle  inniiniirnil  nt  lim 


I  mm  bn  r,  (Thin  in  In  agreement.  with  tlin  mllbmUon 
hi  nit  h  nf  Hoi'tlon  ft,, 'I. ft.)  At  u  given  nltltinle,  tnm- 
pnmtnin,  mtign,  mnl  iingitlm*  mt-n,  tlm  night  will 
untimllv  nnn  u  value  lm  itnenriling  tn  tlm  eullbmtluii 
uf  tlm  range  eli'i'iill,  Then  tlm  error  In  leinl  Ih  up* 
prnxlmuleil  by 

nln  {0  —  A*) 

•  \  «■  Urn  ”  f,H>  ~~~~  I 

wlileli  In  the  i'rrnr  In  time  uf  lllglit  limit Iplleil  by  tlm 
niigiiliii'  i'n te  nf  the  gini-tiirget  line  fur  n  I'urrertly 
llnwn  lighter,  TIiIh  esprenHloti  fur  the  emit'  InelinleM 
the  elTei'l  nf  lug  In  Inml  nunipiitiil Inn  nltme  whh 
nln  lien  with  ii  1 1  i'll  t  ii  in  tn  Ilm  ih  (i  mt  Inn  uf  tlm  night 
Tlm  rniiuiliiiiig  huiii'i'i'm  nf  CliiHH  It  nri’ur,  nuuli  nn 
upllnnl  mnl  nlnutrumugnutin  i II | im,  mnl  fneillinnkn,  me 
Ignureil,  The  perlui iiiuni'e  uf  the  llglitni'  really  up* 
prill"  thi'niigli  t,„  In  tlm  iihuvn  I'Xprennluii, 

The  iiielbnil  ul' nuiiipillliig  nliigie-nlinl  prulailillltlen 
I*  leliitiM'lv  Mlrnlghlfnrwui'il,  The  vnlnn  uf  given 
the  iliipliinenieiit  uf  the  nieuil  pnlut  uf  hiipui't  lit  mi 
Ilm  tnrgi't,  PIiIh  uimiii  point  uf  luipimt  In  nniTiinuileil 
by  u  elmiihir  iminiiil  ilixlrllnitlnu  wliiine  vurlniire  In 
tlm  hi i ii i  nf  llioxe  line  tu  illnpei'nlnii  mnl  iillti  w u nili'l*. 
'In  gel  lliln  hiiiii  It  Ih  ii mmi i i i iih I  t lint  u  gnm|  vnlue  uf 
in,  (ui'Miig  im  it  remili  nf  gruiuiil  tirbign  uf  a  lighter* 
i  in  ii  in  t  in  I  ni  III  ut  .fttl  iiiMi'hltie  gun  lining  AIM  MR 

JI  lull  III  ll  It  I  nil )  in  1,2  i  u  i  1 1  i  III  il  III  IIH,  Next,  tliegun  pulllt- 
Ing  Ih  mi  iimplllli'il  fi ii'iu  if  the  night  Hue  wuinlet'  (nee 
Meet  Inn  ft  A  I,  "  \  tnplllli'ii  l  Inti  uf  Triinkltig  Krrurn") 
w lileh  ilutiniu Im  uii  tlm  freipieiiey ,  \n  nveriige  vnlim 
ul  I, ft  |h  xnlirleil  ii  cl  il  l  ro  illy  fur  l  lie  iiuiplltteutluii 
fuel  nr.  I  i  iIimih  |i  in  il  ly ,  the  \  iirlimne  line  In  gnu 
winuler  In  |  i  IM i (tt  12ft)  ]",  where  0,12ft  imin  ni'ln  the 
illiitiieler  uf  u  nlri'le  I'uiiliilnhig  fttl  put  eelit  uf  the 
ni  t  it  lulu  gun  1 1  Iri'i'l  Ii  him  lulu  rr  Ini'  thin  illnl  ill  m  it  Inn 
uf  iIIiih'I  Ii  him,  lliuilly,  the  piittem  In  iiiii'iuweil  In  the 
till'  lieemiHC  ul'  tlm  I'ucxx  uni  unit  Inn  uf  tlm  lighter  (nee 
Heel  lull  I  ft, Hi  liy  ii  fiietur  a„  (a,,  |  iy),  If  ty  *>  200 

yil  pur  . . uni  I'm  ■»  0fti!,7  yl  per  neu,  the  nhi'luklng 

liii'lur  Ih  it  *2  Thu  Hhriink  mini  nf  viiiIiiiii'I’h  |m  ItIKft 
nillll  nn  Hu  iih  mi  (i  in  ii- 1 ,  Tlm  target  In  tnkuii  tu  Im  h 
niiinll  liiiiiilii'r  i('|H'i'Muiit  ml  by  ii  el  rule  uf  iiiiIIiih  t  yil 
with  ii  i in Ifiirui  viiluunililllty  I'uutur  uf  tl.il,  Tlm 
nliiglu-nhut  |  inti  itibllll  Inn  nitty  now  bn  rent  I  I'l'inu 
I'lgni'i'H  |  mill  2 

In  lighter  lire  n  I'oiuplli'Mluii  urlnen  hni'minn  of  the 
hnruioiilmillon  uf  it  hnilery  of  gniin,  A  typlunl  lb  H. 
Nitvy  pi'i ii'i'ihtn*  In  to  Imrenlghl  tlm  nix  wing  gunn  tn 
eiiti verge  luirlKiiiitiilly  mnl  vertleully  with  tlm  line  of 
night  ut  ti  rtitign  of  itOO  yt|  HI  ilelly ,  one  HhmiW  timre- 
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Aft  At.VTtdAI,  AOPKtlTft  or  AtMHOHfttI  I.VI'KMIMKNTAI,  PHOlHi AIMH 


foro  enleulnte  prnlmhlllllew  fur  niHi  gun  Ncpnmfoly 
or  lit.  IkiinI  fur  ttic*  middle  purl  gnu  mid  the  middle 
sturl ii mnl  nun,  When  thin  |«  done,  paying  proper 
uttoutliiu  lu  pnifillnx,  hnrnHlghtlug,  mid  iilremlt 
•'"liking,  ||  In  Iuii  i  ii  I  llnil  lliu  pinhuhlilHoH  for  Hot 
vitrlnii*  gunn  ilo  differ  iipiirei'liihly,  In  HiunmurlKhig 
(‘tiU’iiliit Ioiih  Hin  Join l  olTei'f  itl'  nil  nun*  tiling  liigellier 
iw»l  I'HiilliiomiHly  Ih  given  Ii,v  Intnllising  I  It**  eflWlN  ni 
Mo*  imllvlilnitl  gniiN. 

The  Nlngle-Hlinl  |)|'iiIi'iIi|!IHi'n  may  Ih>  . . .  lulu 

Hip  prnhahlllly  of  ill  Ii'unI  iiiic  Id  lull  lill  (mn  ii  I'unclinii 

of  time  along  the . . rue)  It.v  Hie  iiiHIiihIn  of  Hecllmi 

i,l,Jf.  I'nr  mi  nl luck,  i mole  nl  <171  kiniiN  iignitiNl  n 
liii'ttci  ni  ||I5  kiiolN,  almllng  nl  01  HI  yil  nu  Hie  lirmn 
mnl  Icriuhinliug  M.M  nee  Inter  nl  n  inline  of  200  yd  mnl 
mi  ii onk'  nil  nl  nl  mill  III1,  Hie  i'xniiIIn  of  I  lie  cn  Iciilnl  ion 
iiro  given  In  Tiilile  I. 


Heel  Ion  7.11  cuuahlerH  Hie  reduction  of  I  he  raw  data. 
ToeliiilijiieH  rather  I  loin  Nohedulen  nre  given,  A  re- 
eijrring  problem  of  rotHlhin  of  eourdlmde  Hynleinw  In 
Ioi lolled  geiierienlly  elllier  hy  matrix  methnilH,  or  by 
mimicking  ineelmnlNin,  or  by  giiomonle  I'oinpiiUu*. 
'I  lie  enleiilitllun  of  iloflcclloh  iihch  the  limehitek 
mitt  lioil  In  tvhlcli  ii  given  fruine  irpri'M'iila  Inipunl  by 
e  bnllel  fired  enrlier.  I'WmnliiK  for  the  pimilinv  cor- 
ii'i'tioii  rei|iiiri'i|  by  Hie  illN|tlneemenl  of  gmiM  mnl 

cmnem  ore  given.  'I’lie  fluid  lc<<hnli|iic  In . . 

In  detail,  TIiIn  In  Hie  |ti‘ohlem  of  reilliclng  gull  pollit- 
Ing  eiToi'N  In  the  |irobohlllly  llutl  ii  Nlugic  round 
llred  with  niicIi  iiii  error  would  he  Icllud  to  n  lighter 
birget  In  the  nciini' t lint  Hie  lighter  eoulil  mil  return 
to  IIn  I  iii  ni*,  ||  In  ii  Ini  i  <>iii|  iIimh!kim  I  ill  HiIh  |  h  ill  i  I  llnil 
iiieiiNiireiiii'iil  erroi'M  of  Hie  e\ |  ii'rimi  *i  1 1  lend  in  n 
iiii'iiNiireiiienl  . . .  which  mil-1  lie  mitilmvtril 


t  till  !■:  I,  t'lnliiilillllv  Ilf  III  li'iiNl  one  li'llml  till  hn  ii  fiiiirl |i,h  i,f  ||||ie  y  IIHI, 


Time 
(ni'I'iiiiiK  ) 


Nil  I  III  IKI'  I'lTIII 
iMiH »  :i  gu  ,, 


IliillU"  III  |»‘l  I '<11 1 
lllll  -Mil'll 


IlmiK''  III  eel'  rein 
Iiiii  ling" 


lllillge  fi< mi  *JA  |iei' 
rcul  In  |  ’JA  |H'C  eeiil 


a  »  -  n  on  ,<  ;i  '.ni  ii  -  a  |«  ~  n  hn  a  -  ji.an  »  -  a  jfl  «  n  tiN ,,  »  n.an# 
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V.e  SIMMAHY 

The  hit rodiiel ion,  Section  7. 1,  iioIuIn  mil  Hud  Hie 
I  unde  |iur|)o«e  ol  olrlioriie  UNNe»Nineni  prngi'MiiiN  In  Hie 
nnikiiifi  of  dltTerenl  lire  eoidrol  ni'nIcion,  To  mrlve  ul 
I'hmigeN  In  deNlgo,  ii  eiiiohiiinlloo  of  minlyih'nl 
met  hod*  mid  eoolrolled  IcnIn  on  Inboniiury  ion 
I'hlneN  In  neeeNNiiry,  The  erroiN  of  n  lire  niulrol  n.vn- 
f "HI  nre  Ural  eliiNNllled  hy  emiNe:  nieeliuiiiNOi,  I’Iiimn 
Hi  opei’iilliniiil,  mid  dlNperNlve;  mid  then  hy  nt  n  l  Ut  leu  I 
iiolnrei  lliieliuif log,  i |IUih|-nI ion i y,  mnl  nlcnily  l  'nr- 
rnnl  nweNNinnut  prognooN  imc  Nlmulnled  nfluek  nIIii- 
uHoiin  with  emnnrn  rnenrdliig  In  gel  nl  the  overnll 
erroiN  of  N,VNieoiN, 

Heel  Ion  7, it  iIIniuinni'n  Hie  uii'lhodN  hy  tvlileh  Hie 
imlli  In  Npoeo  of  n  birgcl  omy  he  deleriolued.  !u- 
NlnillO'litiitloMN  nre:  three  llxed  emneriiN,  | <| 1 1 >>  n  riiiign 
eiMoem,  |iIiim  gyro  reeorilN  of  plntl'orm  oioIIoiin;  u  de- 
Heetoliietiu*  which  reeorilN  the  turret  iionIHoii  in 
iiulmtitli  and  elevullun;  long  I'neul  length  emneruM 
fixed  un  Hie  ground  with  data  red  need  by  iiNlroinnlrie 
nieiinulnj  n  eiunem  hi  Hie  gun  nmiiiit  mnl  oUo  one  in 
the  Inrgefj  mid,  aliuply,  one  enuiem  which  relleN  on 
(1x«hI  niul  1 1 Im lau t  reference  painta  In  tlm  inmlNeiipe, 
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from  I  he  dlN|ini'N|oii  viirimiee  lief  :;-c  Hie  Nlngle-Nlmt 
proliohlllly  In  eouipnled, 

Heel  Ion  7. 1  In  eoiieerueil  wllli  a  h|  HI  furl  her  rednr* 
lion,  the  generulioii  of  n  meiiNiire  of  elTeellveneNN 
from  the  nIiikIi'-nIioI  |ir<ihnl illltleH.  The  uieiiNiire 
I  ih '|  a  ini'i  I  |n:  (lie  expected  |iio|ioi'llou  of  engiigC' 
inciitn  of  a  given  type  which  will  lie  NUeceNNl'nl  lu  the 
nciinc  Hint  Hie  Inrgel  In  nIioI  down,  or  the  imuihcr 

NinvIvi'N,  or  . . . bill  of  IIicnc  oeeui'N,  TIiIn 

liieiiNure  In  the  evolo Holm ry  leailll  of  iiuieh  |irovloiiN 
HlOllglll. 

Meellon  7  5  dbeiiHHen  Hie  choice  of  nil  i i|il ililliin  Nine 
lor  the  dUpci'Hloii  | hi 1 1 ecu  In  rein l Ion  lo  aiming 

•'itiiix,  t  Hing  «' \ | (I'i'j i iii <u I n I  dm n  uf  u  . . . Inn  uiiturn, 

Hie  ni|  t  tint  Ii  >m  Inr  in  wo  ullnekN  on  ii  li-'ilt  iw  n\|i|nrnd 
hy  tin1  Nelindule of  Ihn  prevloiiN Nnuliou,  Uaiug  purely 
Ihcornllnd  inellmdH,  Hie  mil ual imi  fur  n  lighter 
eipilpped  with  a  gym  gmiNlghl  in  diwimmal,  |<'or  Him 
fii'Nl  i 'ii no,  pal  tern  Nine  might,  lie  liieronncd  aiightly 
oyer  i I n  prnNi'iil  value,  hut  thoeloinge  In  prulmhllity 
ul  at  leiiNt  line  lelluil  lilt,  would  Im  only  from  II, HIS  In 
II, UN,  I'W  the  Neeiiud  nu«o,  If  In  nIiowii  that,  nri'oi'N  lu 
I'ltiiglug  greatly  nvoi'HliHilmv  viii'IoIIuun  lu  dlM|mr*htn, 
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Chapter  8 

INK W  l>KVKKOI»IV1KfNTH 


n.i  iiNTiiomirnox 

Turn  i'll  actmii  iIocm  mil  inrillct  tilt  me  < li ‘\  «<ti >| i- 
tnenlH,  ilixtend  ll  doxi'rlbcM  In  cimii|iiii'I  I'nrni 
llinxe  NVHtciMM  mill  IiIciih  ulilrli  were  iielna  w!iiiiinly 
I'nimlili'i'i'il  In  l ln<  cIumIiik  iiihiiiIih  ill'  U’im'IiI  Wnr  II 
iih  hiiIIiiIiIk  I'm  the  next  «ln|ti>  nl‘  ilml  wiir,  An  11  icmill, 

till'  llli'IIM  lll'l',  nil  |  III*  Mill  ill*,  111  1 1 1 1  Cl  I  III  )ll'|«|ll'l*lh  I*  III 

l  lie  nlr  I ni'l  lex  I  lii'ii  ciiiTi'iil  Tlic  lli'c  i'iiiiI  ini  w\>lcniH 
dlxi'iixxcd  ni'i'  in  mi'i'i'i  lei  I  will)  i  |i  il  ny,  n  liclli'i'  Jul  i  |  him 
exIxlltiK  i'i|iii|)iii('lit  Mill  II  In  llii<  nni nr  jnl i  l*‘iii’  «*\~ 
niii|»li',  nil  rciil  hlc|i  U  I ii kin  In  xnlve  iln*  |irnh|ciit  nl' 
mi  nit  I'll  *H|  id  *il  tiii'Ki't,  uni'  mi'  rn  iiui'h  ni'  ci  >i  ii  i  in  t  i'v 
1 1 1  mi Icil  inuteiinlly,  I'nder  lien  tmili'H,  mily  n»l Ih*i‘ 
hIIkIiI  vniiiiliniiN  In  I'vUilny,  llaliiem  nri1  ciMixIderfd 
I’hexe  I'i'iiiiil'kN  ni'i1  iriMnd  nillii'i'  limn  rciiMnijniix, 

I  HlllMK  llll'  lilt  rt  II  llll't  ll  III  III'  lllllill'l'KI'I’ll  mill  I'llilll'lll 
|  ll'iiicl  |  ill  *h  ,  t  lie  hi*  ni  i'll  in  iil'  I  lie  fill  lll'i' will  |  in  il  in  lily  Inin 
Ill'll vily  nil  the  llli'lln  nl'  I|||h  rhll|tlcr  (  ‘cillHci|ln*nlly , 
tlii'Hi'  J 1 1 1  'ii  h  iiiiihI  In*  c\ |  ill  u'i‘1 1  hi  III  iiii'llii'i'  lii  urili’i  In 
Kidn  nil  mli*i (Mil t kimu  Ii'iIhc  ii|‘  1 1 >i<i >ii* I  Icn |  mnl  ini'- 
i'l  in  nil'll  I  llinllullniix.  Tlic  IimhI  chhc  Im  piiliil  In  iiidnr 
Kim  Inyliin,  wlilcli  Invnlvcx  linlli  (In*  theory  nf  buck 
lllH  lltl'l  Ml!'  i'l  1 1 1 1  H  III'  Mll'l'lllllllllll  I'I'H|HI||NI'N. 

Dili'  limy  Iiii|ii<  llnil  I ln<  next  | iIiiihi'  In  lire  runtml 
lll'VI'lll|)llll'llt  Will  I'IIIInInI  Ill'll  I'I'I'hIi  I'l  *l'\(l  1 1  ill  III  I  Ii  III  ill 

I  lie  |  ii'nl  ili'iii,  w  I  ili'l  i  will  ii 'nii  1 1  In  n  nVhIi'Iii  riiiiililiilnn 
llie  Iii'hI  nl'  Hie  new  iileiiN  mnl  wliliii  will  nvulil  (lie 
known  eiiiiiH  nl'  cnInMiih  niei'hiinlmdlniiN  Tin'  Mmn- 
I'l'Mi'ill  iImhIum  ill  niii'Ii  n  xyxleiii  h| ii h ill  I  |i|'i'i'i'i|i'  |Ih 
ciiiihI  1*1  ii* t Inn,  I'm'  ll  In  n  ciirluiiH  I'ncl  Mini  umiiy 
mni'lillii'H  nri'  linlli  mnl  llii'ii  nun l>  noil,  with  imlcli 
wui'k  im  Mm  i  ihi  in  I  i‘i  'hi  1 1 1 

l''lli*  i'llilll’lll  iIchIuii  I  in  M  Innni'il  Iih'Mi'iiI  elrriliii 
hIiiiii'I'h,  If  Mil'  I  ni  mii  I  uni  linen  nf  Inline  ininhnt  i'll' 
I'lllimliilii'i'H  mi'  ininli'  ii  xn  I  In  I  Mi 1  In  lliln  di'xlan,  even 
nl  Mm  eii cly  mnl  ii'iilnlivi'  Hinui'N  uf  tnetlenl  e\|ieeln- 
linn,  MiIh  iiei'il  iihI  In*  t nii', 

11.3  STVilthl/.ll)  NllillT  HVHTKWS 

n.a.i  Nullin'  ami  Type*  of 
Ht  it  bill /.u  lion 

DC  Mix  vni'linm  miibdlnim  Mini  Imvi*  nci'tii'ii'il  In  the 
ilevt'li)|iiiM*»l  nf  itlrlini'iie  fin*  runMiil,  xtuhlllfciitiiHi  in 


|ii'|'Iiii|in  iih  liii|nn'imil  iih  tv i in  the  hili'iiiliii'Mini  nf 
linwi'i'  turret  x,  H|;iIi|||xii||iiii  | icrin It h  the  anitner  tn 
in tin'i'ii t rn 1 1'  mi  Iiih  I'l'til  jut i,  Iriii'kinn  Mm  nnninth 
hii'nel  Mint  Inn  The  iiniiiiiil  Irri'Hiihir  tin  it  intin  nl'  the 
Kim  pint  finin,  wlileli  inn  he  lliln  n  ilillleiill  Innk  miller 
Mu'  iiniiul  n  ii, ni  ik< 'Mien  I ,  mi  Ii  iMM.ee  <  II  nl  1 1  ri  1 1  lie  an  niter 'n 
line  nl  hIkIiI  In  |ii‘iin j|ile,  miy  innllniin  i ml  ntllnl  for 
hi/  tin  limitin'  I  Iih  Utah  hln  hniiillel  min  me  ileli'i'ti'il  by 
K,vriinen|ien  which  liiiiiieillnleb  nem I  ini) in Ih<*h  in  1 1 n< 

I  Mil  i*l  innlnr  which,  III  bit'll,  iii'l  m  In  ueill  I'nlitte  (lie 

|  m  'll  1 1  it  nt  1 1<  l|  i 

I'M  I  ln>r  imnlniH  nc  mlr  ml  n  1 1  ill  r,n  1 1 1  n  i  limy  lie  imeil 
In  iiimllimi  hI  n  I  Mil  kii  I  h  ill  n  free  K.vi'nneii|ie  lneni|ilnyeil 
M\  I  lie  Ilml  Imnlc  |<rlncl|ili<  nf  Kyrnncn|i|c  lielinvinl', 

I ■*'.«  miiltiletiiniee  nf  n  fixed  dlreelinn  III  H|inee,  Mint  Inn 
nf  the  hikIiI  line  iiwny  limn  the  ayrn  iixIh  In  deteeled 
mnl  cnrrecled  w  hen  I  lie  hmidleliiii'M  are  In  neiit rid,  I  n 
IrnckhiK.  n  cniiiM'i'l inn  between  hiiiidlehni'H  mid  K,vrn 
|h  nwnle  nii  Mini  the  ay  cm  will  jirerexx  when  ninved  hv 
the  I  n  i  in  I  b'hii  iH.  It  |h  Mie  dilTei'ciillid  hIkiiiiI,  bet  ween 
hmidlelinr  Hint  Inn  mid  t « it  id  limllnii,  which  In  de¬ 
lected  mnl  ellmlun t i*d  by  the  hIiiIiIIIkiiMiiii,  In  rule 
Nlidiillxnl inn,  the  ayrn  In  eniiwl ruined  When  the  line 
nf  hIkIi!  liinvi'H,  tnkiiiu  1  he  nyrn  with  ll,  the  a.VI'n  it* 
h| inn* b  with  ii  |ireeeNHliinid  l< it'i |i i<<  (kh'kh  The  iiiiik- 
liil mle  nf  I IiIh  lni‘i|iie  In  |II'ii|iii|I ininil  In  llie  iiUkmIiii' 
mb'  nf  tin'll  nf  the  ayrn.  If  the  nIkIiI  line  hIiii'Ih  In 
nnive,  under  exlerniil  iiillnciiccN,  the  |ii'ci'chhIiiiihI 
tnl'i|iie  nf  the  a, vrn  In  ineiiNMI'cil  mid  llie  llil'l'l'l  ninlnt'M 
icHtuie  llie  hIkIiI  line  In  lln  i  ii'IrI  mii  I  |  it  tni  t  b  ill  very 
i  (ll  tek  l,\  \\  lien  I  I'lickhiK,  the  ay  i'i  ih  I  if  1 1  hi  t  lie  |  ires  cut  im  I 
li'nni  MlniilluiiiK  mil  llie  iiili'iided  nit  it  Inn.  Hince  the 
tty  in  I"  i'hiihI  mined,  im  miijnr  iiret'cminti  neenm,  The 
kick  due  in  the  hiindlebiir  ninlhm  Ih  ni'iil ridlnt'd  by 
hiiI  t  ii  I  »ly  eii  In  tin  I  «'<l  lm|mlNCN  frinii  llie  tin  ml  lei  in  i'h. 

I’l  him,  I  lib  |  >ii  r  t  nf  the  kick  dnex  mil  net  In  itmImit  the 
turret  In  1 1 h  iii'IkIiiiiI  prinlt Inn 

ll  w  ill  lie  ii|i|irei'liMeil  Mini  then*  In  lint lillia  Inliereitl 
In  hI  nl  till  mii  I  Inn  which  will  ltM|»»'nve  llie  nici'limtlxtti 
nil  which  lend  I'linitmlnllnii  Im  IiiihimI,  IiihIcimI,  nun 
expeelH  the  hii|irnveiiienl  In  Iii|iiiIn  to  I'Hiixe  llie  coni- 
imler  In  |ti<rl'nrin  better,  The  xtitbllijmtloii  elrenlt 
inuy  be  I'f'un t'di'd  iih  mi  lni|irnvetl  miiilonne  uf  the 
8*311  l'ullnw-ii|)  xyxlem  nniJer  wlilnli  the  khun  follow 
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111"  mIkIi!  llii",  Tin*  li'ml  "i mi |miIii l Inn  Is  nil  luMillotuil 
fillli'f lull  In  "iidi  nisi' 

M*S.S  Flllri'hllll  S-l  HvnIi>||| 

\in*\""lli>lit  "\niii|il"  u|'  n  i', He  ,,lnli|||»"i|  sIkIiIIiik 
nv*I"Iii  in  tin*  I'liiirlillil  H- 1  (iiiH.Hi  hint  ill  In  t  Inn  -3"  lm 
liilmlilt"i|  tuiTi'tn  Tit"  Nlnliilir.iilliiii  li'ii i mi's  in'"  ||," 
nillll"  Ini'  linlli  types,  |  1 1"  H-  I  In  lilllllslll'lllly  si|)l"rior 
III  llinl  it  will  Iniii't Inn  I'm'  nil  types  ut  Type  prn- 

J""tll"n  III  II  «|>""fi  1'niirt"  I'nr  wliii'h  III"  till . . 

l’"""i' (li’iiK  law  In  villi* I  tin"  . . .  Duly  insert  uimoil" 

vi’lm'lly  Mini  I  in II |wt  |i<  . .  . .  \  linllistli-  m,,,.||„. 

I'.lmii  tin'll  "(Ti'i'tlvi'ly  hi  lives  the  Hinei'i  illllTieiilinl 
"i  |iiu  t  li  iiim  tnr  ill"  liiijimloi'v,  hint  "in  I  of  IiiiiimIhiIiik 
H|i""lnl  I  ill  Hint  I"  liihli'H  I'lili'iilu  |"i|  hy  ||||h  nml  hoi  I 
ri'ti'ii'iiiu  I"  iini'tlciilnr  iiiiiiniiiilllini,  (Thin  |*  mi  „*,,,, |„ 
lent  i ' mi 1 1 1 ( ilc  ut'  him  | hi i| ici'  tin*  "uni  ml  i|"sluu  nm 
lliltli'l|ilil"  i  ml  li  n  lie"  "I  in  I  men  nml  thii.n  mi  ill  I  lengthy 
mill  I'Mii'imh"  iniiilllii'iillnii  In  ih«  futiii",)  Tin*  H-| 
"HI  I"'  iIIhi'iihh"i|,  Tin*  Ihi'iiry  il"V"ln|i"il  will  hIhii 
"'ivi'f  Imth  hyi  I  in  1 1  lie  nml  "li'i'trli'  liirret  iii""|ihiiIhiiih, 
l'h"t'i*  iin*  I  \mi  iiinjiii'  "Iri'iilt h  uf  ihi*  h,vhI"hi,  Uni* 
u|'"i'nt"H  thn  otinnilh  liiiiet  unitin' nml  eon  I  mis  the 
hiliml  leiiil.  Ttic  i it Imi'  ii|M*mti*H  the  m ii m  In  I'/mi/iiiu 
mni  "uiiII'iiIh  Mm  mtmd  ii<iu|  >*;i««*||  ,,f  ||n'wi  ctriMitt.*! 
"liitihiVH  ii  "ii|i|  ui'i'il  K,vmm*M|m  whli'li  Iiiih  11  iliuil  ml", 

It  "lili'ishito  t hi* iliitnmiliiii thin  ul'  tin*  k hifiiutt ic  I . . 

ul‘  Its  "<>iii|iiiii"ii|  nml,  liiil"|i"iii|"iitly  ul'  this,  still  ii- 
ll«"N  the  linn  of  sltfhl  hi  Km  "oin|mii"iit.  The  unit 
wlii'iniith*  id’  Mm  MM  Is  slum n  In  |*'l|tni'i*  I, 

it. a, ii  (  iri  iiU  <^oiii|miti'iilM  of  tin* 

I  hn  N.VNtniii  imty  I  hi  linst  iiitih*rHtuo<l  hy  wMHiih 
nut.  tlm  ilHTnmiiMiil  oipmtiuiis  uf  tin*  t<ir<>ntt , l""  It 


siillli'i's  luir"  to  "oiislil"!'  the  nIIiiiiMoii  In  oti"  ciiiii- 

. . .  'I’l'"  . . ml  t*i"l  ut"  III  vuIvch  the  lut  i  'I'tii1 1  if  ii  i 

id  tun  ""iii|ioii"iiIm  iiiiiI  Is  um*Msni*ily  i*oiii|ilh*nl<*il, 
'I’ll"  Imsl"  iiHsiiuitition  uf  this  tii'ulini'iit  Ih  Mini  tlm 
i"#,rt m  ol  tin*  viii'loiiM  nioviiiK  "Intni'iitM  mny  lm 

""Hh*"t"l|,  This  Is  ||  1)111  jl  >|<  !INMinil|lt|llll  hIiII'I*  Mil . . 

tul  operation  i|"|i"tiils  on  tin*  I'l'lnllv"  s|i<*"il  of  re. 
|M|H UIHM*  of  ttyi'iiH,  snivoiuiitoi'M,**  nml  the  iiiiiiilhlvm* 
MllTI't, 

l-i't  n  tiyl'i isi'i i) u*  whom*  H|iln  u\is  lies  In  n  horlxoutul 
I  '!<»  ii"  l>"  i'<  >l  ii  li’il  i*  In  ml  mi  axis  |i"i’|i"nill"ulur  to  that 
I’l"""*  l  ''  Jl''l  I*  tmi'k  lu  iiKluiiilh  only,  Then  the 
Hyi*iiM""|i"  i|i'V"hi| is  mi  luteriinl  loi'i)ii"  wIiiimi*  axis  Is 

I"'1'!' . .  lu  tlm  H)ilu  axis  nml  to  tlm  axis  of  i'otn- 

. . '•  ""  i>l*<*  H"*  hi  (In*  hi hIki in tn I  |ilnu",  Tlm 

'""Kl'ItMil"  of  this  loutu"  l«  lUih  ill,  vvlici'"  /  Is  th" 

. . .  "I  1  IH'I'I  hi  *  it  III"  liltin',  M  Is  Ih"  m>t(iiliii'  H|i""i| 

ul  the  rulin',  nml  «  Is  Mu* iiiikI"  at  tiny  Inslniit  liel  ween 
tlm  IIiii*  ot  MhIiI  (tin*  Mpln  hxIm)  nml  sum"  < I i it*i*t Ion 
llxeil  In  m|ih"",  he,  Ih"  iliimi'tlou  ofii  stiii',  If  flu*  gym 

Is  so  . . .  that  tin*  stilii  axis  "all  movn  only  In  a 

I'l'""'  v"|,ll"'il  hi  III"  hoi'lMoiitiil  It  a  III  | i|'"""hh  lu  Mils 

verMi’iil  t  Mu  in*  hy  mi  mini"  0.  If  Its  . lion  lu  tlm 

vi'i'lh'iil  (linin'  Is  inlilhltoil  hy  n  <hiiii|ihi|t  tim,iti> 
|a'ii|nii'||oiiiil  tu  vt'liM'ily,  IhIO  ill,  utnl  u  spi'iun  loi'i|ii" 
|ir«i|)*n'l loiinl  tu  ills|i|it('i'in"Ut,  SO,  limn 


o'. .4  so  «  nr' , 

ill  ill  ' 

slit""  all  tlnvi*  t iii'i) i ms  Imvn  tlm  satin-  iiistmilaimoim 
axis  lu  tlm  liorlxontul  |i|aim, 

*>  A  .  . . .  |s  i,  |  lower  suntnil  ilnvlce  tu  w|iteli  « 

"T"  !"  ,"",,,'"l  «  "tniHK  mil  tint  Tills  nut. 

t*H«iimt  tii'tult  'Wl  *  "H'k  ,0  immhtue  wlUi  nml  aimllfy  t|,i, 
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_ — 


■  _ 


_ ■  ■-  -  ^ . 


hioiit  kvntkmh 


'i’ho  dlHphieoinen!  tingle  e  (Mill  lm  Imimfnrmed  lulu 
ini  output  voltage  A'ltf  |«y  ineuim  of  nil  l<;  magnet, 
Tliln  device  In  illuntmted  In  Figure  2.  When  mi  in* 
viillnge  in  Imprenneil  mi  the  primary  file  output  from 

'•»’  *"< . .  In  Kero,  when  the  gyro  In  miilelloetoil, 

nllU'e  fhe  oil) |iijt  innm  tire  wound  in  norlen  upponitiuii. 
rpon  tlefleelimi,  more  voltnge  in  iinineeil  in  one  arm 
limn  In  (lie  oilier,  ttiol  (lie  iimiligemeiil  In  niieli  llmf 
tile  iinlitiliinee  In  . . .  In  I  lie  tlefleef  Ion, 


The  vollnge  from  Hie  litiiul  eon  I  ml  fioleiillmneler 
In  l\tu,  «  here  n  In  the  |io»||lnn<il  tingle  of  ilini  |io. 
lenlloineler,  Heruimo  of  I  he  Inlereolilieel  Ion  (N)  (nee 
Munre  I),  lliln  voltage  In  nuhlreeled  from  fhe  tolnl 
vollnge  (2)  A  ,11  lienee  Ihe  lii|ml  fo  the  nlnhllimtlion 
nervo  In  I't  -  A  |fl  —  A'«g,  Theool|ml  vollnge  Cl)  r4  of 
(he  nervo  In  ln|i|teil  off  h\  ii  mo\  mg  |iolehf iomeler 
nrio  no  Hint 

'hit 

.It  **  A"''“ 

The  hifmf n  lo  Ihe  eleelrlenl  tlllTereiillnl  (Iwo  pulon- 
I lomelern  In  |nmille|)  toe  (H>  r,,  tool  HI)  A  m  from  (lie 
lull" I  eonlrol  fioleiilloineler  lienee  flo<  milfoil  i  1 1  In 
n  vollnge  t'n  Miii'ii  Ilini 


lo  t  he  original  mlerenrn  line  in  npnee,  (The  tingle  «  In 
Hie  iimvntifei!  ungio  of  yaw,)  Oniismpptitfly, 

illy  —  n) 

,11  m  h:,l% 

t!|>  fo  tiiln  fiolnl  nothing  linn  linen  mild  nhoiif  the 
lolnl  lend  tingle  A,  Hinee  the  night  hem  I  In  affixed  to 
llo«  turret,  the  night  line  will  follow  roughly  the  gnn 
line,  The  nmnll  illaplni'emeiii  of  night  line  from  gun 
line  lo  give  defleetlnn  In  ii(<eoiri|illnhed  hy  n  night, 
nervomolor  wlione  inerhiinletil  inil|inl  given  it  rule  to 
Ihe  night  line  relative  lo  the  night  lotul  whloh  In 
|iro|torl  lonnl  lo  1 1  >-  In  |  in  I  vollnge,  Now  tin  eoill|)liler 
Itrothieen  two  vollngen  re|ireneiilallve  of  the  ihue-of- 
Hlglit  iiinlll|dier  lm  and  Ihe  htillinlle  delleelion  A*. 
And  In  a  sletoly  male  eoiidlllon  (lie  rale  of  rololimi 
of  ihe  nlghi  line  in  |n'o|iorf Imiid  lo  the  eonlrol  handle 
|ioleiilloineler  fionlllon,  or 

,H  “  /Vf^' 

lh*i»*e  llili'otluee  tin  Ihe  night  nervornolm'  voltage  In¬ 
i’* 1  *  hjlnn  —  Ah  —  The  out 1 1 1 1 1  of  Ihe  nlghl-llue 
motor  In  «  /'tHc  uf  r/ttutf/r  of  nigltl  line  relallve  lo  Ihe 
night  head  H  e.,  relallve  lo  the  gnu  line),  and  lliln 
rule  il(y  -  a)  ill  »  il\  ill  |n  |0'o|«or( loiial  (it  Ihe  volt- 
age  hi | ii < I .  Ih'lo'f 


.,  itA 

ill  m  ,  mlJl  ~  ,'1’ 


A  , 


It  Ini  in  wn  Immeilliilely  flail  lliei'elnn  delay  la  lead 
('••iiifmlnilnn  for  lliln  nynlem,  (Hee  Ihe  iinalynln  of 
Meellon  fi.H  I  “I  May  III  I, end  (  hint  |<0 1  n  I  Inn . " )  Only 
If  A  In  '■'wxlni'l  and  rt/ml  to  AV„,g  -  At,  will  Hie  nervo* 
lliol or  ntn|i 

l  id"  in'i'oiml  rn i her  eoiieealn  die  rule  of  the  gyro 
In  meoHirlng  aiigniiir  rule.  Aelunlly  I  la-  a  hole  nynlem 
Hi  m  lo  keep  Ihe  liifiol  vollage  e,  lo  ihe  nlnhllliitil lull 
nervo  man,  or  In  make  A, If  •»  A'#g,  Him  helng  ihe 

. .  "I  id  illlmi  Hun.  In  til  her  wnriln  Ihe  voltage  g 

liehig  i mini  in  deiermlahig  lead  m  really  nieumired  hy 
the  pri'cennlniiiii  liirifiii'  of  (lie  gym. 


t'n  »  At  a  —  C||, 

Annuilillig  that  ihe niilfinl  voltage  (A)  uf  ||ic  iiiiipil- 
dyne  In  prnporl lonnl  (o  Ihe  liifiul  vollnge,  Ihe  mignlar 
rule  given  In  Ihe  gimn  hy  Hie  tnrrel  nmlnr  In  propor¬ 
tional  In  lliln  iim|<lldyne  mitpiit  vollnge,  Hut  the 
angle  wliieh  Ihe  giummake  with  the  Imiglludiiitd  nxln 
of  Hie  alreraff  In  y  -  u  where  y  and  «  are  Ihe  ponl- 
llmml  miglenofgim  and  Imtglludliiol  axln  with  renpeet 


"'a'»  <’.ottt|»lr|r  Clrrttlt  KqiitUiung 
of  (hr  H-f 

’ll"'  I"'1 . Hug  I  mule  I'irenlt  eifiuifloim  are  eiinihluad 

monl  ex  pei  1 1  Him  mly  hy  pin  elug  il/ill  «*  p  ami  Iraalhig 
l>  im  an  iilgehraie  ifiumtlly,  There  renulf 

,i\y  +  AVA',A',  +  A»g  (I) 
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(p  4.  j.  &&&*& 


4-  A,«(/vjA',i  4-  Ah/dp  (2) 


/+  S„  +  *  ) * 

A(/,„p  ~  At, 

I  4-  A'ii/> 

f»9  4.  /H^A',Ar,/»\  AV^  -  At, 

v' +  srn  /  '  ;t  1 4-  A’*/i 

4“  A  (A » A’ 1,  4"  A>v  (!}) 

Hlncc  flic  yaw  «  of  tlm  nlrcraft  enter*  tin*  <*> |imt Inn  iin 
4J(t  </rJ,  It  follow*  lint  fln>  8- 1  dahlllxc*  completely 
only  mmiuri'lvinlnl  motion*.  Annin,  11  rather  hlxiirrc 
form  of  aided  tracking  I*  prc*cnt  kIimc  hy  lofim t l<m 
(2)  ni'lt her  gnu  pu*lllnh  nor  non  rale  I*  *impl,v  pro. 
| k Ml I01111 1  to  Iniiiilli'liiir  | it ihI l Ion . 

In  i'oin|i|i'ti>  till*  |iha*i>  of  llic  i||*i,ii**|o|i  0  (irlinii 
inlvmitage  ol  tlii**yNinm  should  lie  ani|ilm*Ui'il.  Tim 
notion  of  tlinn  coiiNtant  or  decay  of  fiil*c  IoihI*  tint'* 
not  n|i|il,v  except  In  tlm  gcimrnlUcd  *i>ii*o  of  tlm  tlnm 
for  oiiwiinti'il  trioi*ii’iil*  to  s  iin|*|i,  Tlm  point  Im*  not 

I . min li>  out  in  ili'inil  theoretically.  Hut  from  tlm 

*liiiiilpnlnt  of  not  mil  opi 'int  Ion,  tlm  gunner  wocm*  'o 
•hi vi*  11 J 11 111 1  11*  iinicli  I'ontrol  ovar  III*  Him  of  *|ght  a* 
Im  is  on  hi  have  with  a  Used  eight.  Tl,„  <  ||m(  iirln*i| 
reticle  helm  s' I  or  I*  not  In  t<vli Ioimm*. 

♦i.a.ft  (<!»»**  It  KrrorH  of  |||<*  M-4 

hit  tin  cun  uinl  will  |m  *n|i|  nl  unit  tlm  (’In**  Hcrror* 
ol  the  H-l  It  I*  cvliii'itt  t lint  Iiik  In  Icail  coinpiilnlion 
cxl*l*  anil  that  till*  Icml  I*  lt*clf  lm*ci|  on  |lr*f  order 
I henry  1,11  mol  ill*'*  not  allow  for  curvature.  ('iillhra- 
I  l*m  I*  11000**11  ry,  TIiiti'  I*  a l*o  a  *nnill  error  cont- 
nill toil  In  computing  vortical  Icail  11,9  (of  the  gun-mil 
l,V|io)  I  ioenii*i>  I  lit'  vortical  gyro  iimii*tiro*  no  angular 
into  nlmot  mi  axl*  t lint  I*  not  |icrpi>iii||ciiim'  to  tlm 

Him  of  *lght,  Till*  . . ml  on  lor  orrnr  I*  given  l»y 

ItHIOAj!  tun  A'  inllllrmllmiN,  svlioro  A/  I*  (lie  hiloral 
IoihI  In  niillmi*  mal  A'  i*  tlm  olovailnn."" 


tt,2,fi 


Sperry  M-HI*  Myaletti 


An  example  of  a  |m*llloii  *lahlllxod  «y*|cni  I*  tlm 
Mperry  N-Hli  *lght  For  pnrpo*o*  of  oxpimltlon  tlm 
illw ii**lnii  will  again  Im  real  rioted  to  the  mtliinilli 
plmto,  The  appropriate  night  *eheumllr  I*  given  in 
Flgnro  H,  Varlon*  miglo*  needed  In  tlm  development 
arc  tdiowa  In  Figure  4, 

Tlm  angle  «  I*  tlm  yaw  of  (lie  alrplmic,  mat  p  j* 


Interpreted  u*  the  dlaplaecmont  of  tlm  handlebar 
euiitrnlN,  Tlm  optical  a, valnm  I*  *0  doalgtmd  tlmt 

<t  -  6  m  Jg,  (4) 

(Hooiilllng  Hod  Ion*  A, 3, 3  and  0,1,  sve  Immediately 
expect  to  find  eipiatloti*  rnaoiuhlfng  tho*e  for  *lmple 
load  cimipiitlng  xlght*  with  a  eight  parameter  of  })i), 
I’lio  gnitiior  ha*  direct  control  over  the  relative  peal* 
11**11  "I  clgld  and  gyro  Him*,  T  lm  eutnhhilng  gin**  1* 
controlled  hy  tlm  lanallohar*  mid  the  Mtuhlllantlnn 
mirror  hy  hath  tlm  gyroHoupo  mid  tlm  haitdleltai'N, 


Tlm  gyniHotipo  I*  nnlvor*aliy  glmhalod,  It  I*  pro* 
ee**ed  In  mtltmilh  hy  a  t-onpm  cmtKod  hy  a  Hprlng 
wound  iinaind  an  axl*  lying  in  tlm  Imrlaontal  plane 
mnl  making  a  (Ml*  angle  with  the  Imre  axl*,  Thin 
tnripm  T  I*  eipilvalont  to  a  force  T  woe  (y  «-  f»  (o>. 
piled  perpendicularly  to  the  luimotli  plane  at  a 


<  ONFlIWNTIAh 


MTMIII,I/I.I>  HHJJfT  MYMTKMH 


1)1 


point  unit  (llatonoi’  from  0  nut  iilonm  iho  gyro  wpln 
iinIm.  Hence,  iim  In  Boothin  15,5, 2,  Mm  prmwiloimi  rnln 


i 


f  Mur  (y  —  I) 

/« 


(ft) 


It  Im  tlm  fum'Muti  nf  Mm  tort|iiti  oompuler  In  niiikr 


wlit'it'  5  Im  nlvt'it  liy 

P  m  X  —  A» 

(Ah  Im'Iiik  Mir  IkiIIImMc  tli'Hi'i'Moli)  itittl  wlnui'  /„,  Im  m 
I'umpnb'fl  Mum  uf  infill,  Tim  finioMon  //(Ip  U)  Iihm 
Mm  form 


Will'll' 


I  +  tij 


4p 

:i 


4-  ti* 


•Im  " 

:i 


Hi  -  U.IIN.'tlt'illll 
H,  »  0,1 1 11)7 


"'Imii  Ip  !l  Im  Iii  riulliiiiH,  Krniu  IIm  form ,  It  Im  cvIMont 
Mm)  (t  Im  n  roni'i'lliiii  fiini'llon.  Iilonlly,  Mm  pyro 
hIiiiiiIiI  iii'ci'I'mm  wllli  un  miuuliir  vnlorily 


(Hen  Hi'i'llmi  ft, ft, U  mid  ri'iiii'inlmr  Mini ,  Imri',  y  -  fl  «• 
*ji(y  —  it), mult)  "*  1  fi^. )  Knr li'Mi'klnn In ni’iii'iiil, l  i'  i 
uni  Mlmply  In  nxiniiitli,  MiIm  wiiiiM  ri'ipilri'  Mm  liiripm 
T  hi  ili'imml  nil  Ilm  nxlimilli  mill  i<lt>viitlnn  of  Mm  pyrn 
iixIm,  Tii  Mluipllfy  Ilm  limrlimilNiu,  II  wiim  tli'clili'il  In 
mu ki'  T  ili'jmml  only  on  iikIiiiiiMi.  Ili'imi'  n  oiirici'Mnii 
filliol loll  uim  chum'll  In  mlulmlxo  Ilm error  dim  In  lid* 
iIomIku,  mill  In  dl«i  ill  otic  Mm  rouuiluliiK  error  im 
Myiuiiit'l I'li'M lly  km  piimmIIiIc  nliniit  Ilm  Ihici'  ii\|h, 
Hiippiirtii  now  Mini  u  liirnol  Im  bclnp  trui'koil  mnl 
Mini  Ilm  pun  iiiouiiI  Im  ynwlup  Tim  mil  pul  nf  Mm 
nyi'u  Im  Mm  mip!i*  of  i|e!!i'vMtui  y  ft,  TIiIm  iiuljiu)  Im 
,//<'*/  iimi'M  Iii  illMplimc  Ilm  mIiiMIIxiiiIoii  mirror  tlirouph 
MiIm  miplo,  Al  Mm  Minim  Mum  Ilm  Imuilli'lim'  moilnii 
MUplimi'M  Ilm  mIhIiIIIxiiMuii  mirror  by  mi  iiuple  Ip  It, 
(Hot'  the  ki'hmIIITi'ii'uMmI  I'heull  of  Klpnro  !i)  ('oiimo- 
ipmnMy  If  Mm  mirror  Im  robitcil  lliroupli  *'j[  y  —  0  — 

Ip/M]  mill  Ilm . billion  kIiimm  Im  rnlnli'M  lliroupli  p  2 

(un  pour  iwliu'lloii)  ll  folloWM  Mini  Ilm  Him  of  rlpiM 
"III  Im  ilelleoletl  by  *«p  iii'i'oriliup  to  the  dniilillnp 
prllii'ipli'  of  mirror  lobMlnii  O'eriinu  fl.fi,  I),  Tim  out* 
pul  of  Mm  pyrii  Im  uw'il  urmnllu  In  illMplime  Mm  nriun- 
tnro  of  Mm  10  iimpiml  (nm  Klpnro  3),  ilut  Mm  gunner 
Iiiim  rnbtli'il  ilm  I rmmfuiivmr  uf  Mm  K>  uiiigtmt  liy 


•Ip/M,  lienee  Mm  itriplo  nl  Mm  10  uiupnet  in  4#*/3  ~* 
(y  —  S)  wlili'li  Im  p  —  A  by  Klgure  4,  TIiIm  Im  tlm  error 
nignol,  Knr  Mtittill  MlMpliumirmulM,  Mm  lO-ningnot  volt* 
np;i'  Im  pruportlnunl  to  thin  error  Mlgnnl,  Turret  mowm 
mi'  imMviMoM  to  move  Mm  birrut  lit  miii’Ii  u  illr*Hit|im 
iim  in  ilt'crooMi'  IIiIm  error. 

To  nee  why  wo  wiint  p  *»  A,  ililferontlule  ir  -  0  *> 

1  iim  mnl  iimo  Mm  rclnllou 


111  wlilrli 


In  olibiln 


i  p  +  A* 

*•  *  > 

hti 


com  (y  —  0) 

( tp\  / 4p^ 

COM  {  Itfl 

V  M  /  V  it  / 


limit  4-  It  -  f*,lt  -  A*. 

If  •  p  —  A  Im  Mm  error,  wo  Imvc 

lC,-l  +  A  «*  l*ma  -  A*  -  iC,« 


(7) 


If  A  Im  lo  Im  n  Mtimnl lioil  vnltm  of  C,a  —  A,.,  iim  II, 
imIii mil !  bo,  *  iiiiimI  bo  kopl  nl  torn, 

ll  folloWM  Mini  ilm  iii'i'iirimy  of  Ilm  loml  ubtnliii’il 
ilopomlH  very  lien vlly  no  Mm  rlinrnt'li'rlMlIi'M  nf  Mm 
I iiiti'I  nerve  IiimIi'kiI  of  Mlibjoi'llOK  Mm  HorVn  m,vmIoiu 
in  n  I'ninpimoullnl  i»tuily«lw  iim  mum  Mono  in  Bei'lloiiM 
H.3.3  mnl  M  3. 1,  mm  mny  |troi'ooil  I'xporlnmnlnlly. 
Thin  Iihm  Ilm  mlvmiingo  of  limhnlliip  Inert  In  oITi'i'Im  in 
Mm  Myxloin,  ll  Iihm  Mm  iIImiiiI' milnpo  Mini  Mm  roll* 
mIiiiiIm  mnl  form  iiiiimI  Im  oblnhu'il  iim  hi tl t n I >b<  iivor* 
npi'M  for  no  nppri'i'lnblo  Multiple.  TIiIm  In  nut  pimmIIiIo 
ilurliip  ili'Mlpn  mnl  ei mim| rni'l Inn  nf  pllm  uiiiiIi'Im.  To 
nbinin  Iim  Ivnunil  fmirtim  //{/»)  of  ilm  m,vmIi'Ui 
(/•  Im  il  ill)  Mm  ili'lliiillmi 


.1  *•  //(/Mfp  —  A 1,  (K) 


Im  iimoiI,  mnl,  typli'nllv,  ll  Im  bminl  Mud 


II  (l>) 


"s/K  4-  i'i/i  4  I 
hili'  4-  ft#/ 1"  4-  ft#/.''1  4-  ft t/i  ’ 


will'll*  II#  "»  I, Mil  X  ID  1  Ml'l'",  III  *»  I),  III)  MI*C,  III 

,'t.KI  X  II)  *  Hoi’S  ft#  *  3413  X  ID  ‘  moo*,  In  »  3,47  X 
ll)  '*  MCI1'1,  hi  «  II  ft  I  x  III  3  MI'I', 

Tnkiiin  //(/>)  m  /*(/D T^f/i),  when'  /’  mnl  Q  non 
I  inly  in  on  WiIh,  iniitilpiiln  linn  yleliU  ,M  Mm  loin  I  eipm* 
Moll 


^(/Dt/'f/D  4-  A  •  /'(/Mpm/nt  **  A*]  -  tV(p) • 

Wp)*  +  S(!0Q(l>)<h  (#) 

whore  iV(/>)  **  <n l,’/i  4*  I,  mill  /„]  Im  hnlil  roimluut., 


CONK!  I  MONTI  Al, 
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Till*  In  Mm  uimlngno  nf  equation  (3),  or  equation  (3), 
foe  thin  night, 

"  2.7  Krror*  Ctuinml  by  A I  m  it  ft 
Aeeelerution*  in  ih«*  N-BH 

Tho  prowtHHi  of  the  lornt  involving  the  yaw  of  (ho 
KUit  mount,  »»,  In  equation  (fi)  In  mi  error,  How  eerlouN 
It  In  (lo(«'nrl«  on  Hu*  wrvn  Nyelnm,  Typical  eulridii* 
tlonn  elmw  I  lot t  If  tin*  non  mount  In  milking  it  (lot 
(urn  ot  o  rate  of  150  utllllritdluitM  per  wt'und  tin* 
t-rror  will  ho  Icnm  limit  1,5  mllllriidliniM,  Hoppiier, 
liotvovor,  (lint,  Hit*  nlivmft  In  yawing  Imruionicnlly 
no  (hut 

«  *  .1  oi  m  3ir/t, 

Al'lor  IiiiiihIciiI*  Ini  voilorn, veil  I  In*  unit  t'rror, «,  noIIIcn 
down  to 

•„  *  H  oi  in  (‘iirfl  +  A). 

Tho  itiiiplllloiithiu  H  A  Ih  IiiIiiiIiiIoiI  below.""  The 
opomlor  //(/•)  won  not  iihoiI,  Tho  jinrtiouliii'  1‘ohiiIIn 


Ttlll.H  I,  Afll|ill(|i'tll  lull  nt  nll'Ol'iifl  iiiiiIIhii, 


i',i'i>niiotio,v1  / 

(I'.Vt’ION  |H'I'  Hl'l'lllllt) 

MMH  irvuiut.wnwn  mmumvmmatmmamm 

Aiii|i|IIIi'mIIiiii  H  ,t 

l»l  l'N|H<t'llll<*lll  'Jlllt  IXjH'iillHnl 

11.1 

tuna 

1)01* 

(1  a 

tlllill 

iniiiii 

(1,5 

tl.  IIMI 

It.  147 

lit 

0.017 

0.NII7 

1.5 

1,'tlHI 

I.5NII 

3,0 

a  ton 

anna 

it. II 

a,4t*i 

3, 377 

5,11 

1  ae.'t 

I  non 

of  twocxpcrlmciitH  worooinployoil  In  thooiilouliitliiiiN. 
’I'lio  nioinly-Niiitn  orror  would  ho  ohtiduod  otherwlw 
from 

I  /'(/ 1)  4’  W/nX  *  V(/ii». 

To  got  tho  triniMloiit  orror  ono  mil  von 
L'/'t/d  4-  V(/i)  ]*.  -  I), 

«nd  tiiiitm  I  lint  tho  limv  mmlmil  Ik  tl,  I  nee,  |,o,  hy  Mint 
tlmo  tho  ImilMiftll  will  ho  loHH  thill)  I/O  Ilf  it*  lllltllll 
s  o  Inc, 

Tho  CIiimn  It  orroi'H  of  tho  Nyetcio  will  not  ho  pur* 
eued  tint hor, “"f 

it.a.ti  Hiiimiuiry  nf  AdvunlHgOM  nf 
tlu>  S-Hli 

In  Numnmry,  tho  main  udvmiiiigi-N  of  tho  H*N  eye- 
tom  itro  (t)  loud  omitrol  (tho  hiiiidlolmru  ountrol  tho 


loud  mid  not  tho  turret,  volooity  tho  dluturhod 
rotlolo  prlnolplo  In  Inoperative),  (3)  mriuhk  allied 
tnieking  (nobler  ting  At,  front  equation  (7), 

a  *  ' jim  4-  (I //«)/«,  no  that  volooity  control  of  tlm 
lino  of  Might  In  ( I  //,*>M.  and  >  HM  l«  tho  ponltloiml  eon- 
trol  of  tho  linn  of  Night,  walling  Mention  5.8.4, 
Aided  Tracking"),  (3)  Improved  operational  eta* 
hlllty  (If  tho  hitndlolmi'M  are  given  it  Jerk  of  nImo  h» 
itnil  then  hold  ut  that  value,  tho  Night  lino  roNpnnilH 
w  ith  nit  oi(imlly  Mitddon  Jerk  In  tho  nhitio  direction  nf 
nIko  Wi/3  mu)  (lion  olhnliN  itlnng  it  lino  of  elope 
I  C),  mid  of  eouiNo  ~~  (4j  full  Mttthlllisntion  of  the 
lino  of  eight. 


H<  ItAIlA  11 

8*3.1  Deal  nihility  and  K<*<|ulrmitontN 

Wlion  tho  range  and  piiNltloiml  InputN  tn  a  tiro 
ountrol  Nyetom  an*  In  noHoiin  orror,  It  In  only  hy  it 
fortuilouN  ooinhliiiitloii  of  tlniNo  orroi’N  that  tin*  gun 
will  ho  pointed  properly,  liopoalod  IonIn  nIiow  the 
real  dlllleitlly  oxporlotieoil  hy  n  Imittitii  gtnmor 
when  ho  iilloniptN,  on  NliniilltutooiiM  opomllotiN,  frant- 
Ing,  traoklng,  ami  triggering.  Title  Niiggoete  that 
radar  Input h  ho  net'll  to  iti>ootitplleh  mitiunatloiilly  ono 
or  two  of  thoeo  oponitloiiH,  Mlnoo  f ranting  In  gottontlly 
much  punror  and  more  hliieod  than  traoklng  (It  being 
dltlloull  to  fmmo,  fur  oxo lupin,  wlion  the  target  In 
not  reiitorml)  and  elitoe  radar  ranging  Involvee  the 
ehiipleet  lype  of  radar  equipment,  It  nim'iiin  deelmhle 
to  iino  in  da  i  range  Input  for  won  tiro.  In  tho  oiino  of 
iiiiNooii  tiro  It  In  oeeoiit Ini,  of  omireo,  that  Initli  range 
and  rale  ho  euppllod  hy  rndiir. 

OIivIoiin  roipilromonlN  for  ali'lioruo  radar  gunnery 
iilde  are  IlgliluoeN  and  noninterference  with  ulrnmft 
epood,  Huiigliig  i'()iil(inioiil  welglie  iippriixinmtcly 
135  Ih  mid  In  quite  oninpiiot  (tho  oomphtb'  traiiN- 
uiilior-rooeivor  mitt  welglie  3M  Ih  and  llte  In  a  nut 
15  In,  lung  mid  II  In,  In  diameter),1"*  'I'lio  mdontiH  ex- 
lornal  to  the  aircraft  In  roughly  equivalent  to  another 
nmi'hhu*  gun  Imrrel,  and  In,  In  lari,  elautpetl  to  a 
hnrrel,  The  liiernieed  drag  will  nutee  n  epeetl  rrdun* 
lion  of  only  a  low  inline  per  hour,  (Fur  ptirptwee  of 
oumpnrlNou,  open  li<mtli*liay  iloore  ruum*  a  epeetl 
retinal  Ion  of  the  tinier  of  31  nipli  for  the  I  Will  ulr* 
plane, ),M 

Turning  to  rittlar  wlileli  (moke  In  angle,  It  might 
ho  prt'Niimetl  that  an  ultra-narrow  bomn  Mhmild  lie 
ttwd,  Tho  mtgiilitr  hemu  width  In  directly  prupor- 
tlnnal  to  wavelength  mid  Inverwly  pruport Innal  to 
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tlm  HDtPJiiiH  aperture,  High  fiTHpieriries  11  would  then 
be  needed,  Nnrrmv  bourn*  also  Imve  tlm  advantages 
of  giving  greater  concent  ratlaii  of  power  (eelm  energy 
fulls  off  us  tliofonr/h  power  of  range)  imil  of  being  less 
susoopdlde  to  Interference  (jamming).14"  However, 
ultm-narmw  bourns  (13  milllmdiunH)  luivo  not  boon 
tiflwl.  Instead  bourn  widths  of  30s  buvo  boon  cni- 
liloyotl,  relying  on  proper  nntomm  design  for  no* 
onrnoy,  I'or  example,  u  dish  nntounn  oun  do  tt  ooidoul 
Witt!  of  angle  I ,ft*  ttbinit  un  axis  wliloli  keeps  pointing 
nt  tlio  target,  It,  Ik  also  possible  to  oroploy  lobe- 
switching  In  tlio  niiloimu  lonoblovo  itooiimoy  in  de» 
tomilnlug  tlio  dlrootlon  of  n  turgot, 

'I’bo  presentation  of  tlio  I'lnlnr  output  I*  linpoitont, 
In  gonornl,  It  In  desirable  to  nvoiil  visual  prcscnta- 
I bin  since  tills  roipdroK  nil  opmitor  who  tony  nniko 
errors  In  utilising  ibis  prcscu  tiitlmi.  Kvon  with  niilo- 
niiitlo  presentation  It  |«  not  desirable  to  consider  tbo 
riidiir  u«  pnroly  nuollliiry,  with  u  shaft  rotuiloii  or 
vollngo  output  foil  Into  m  hIii  in  In  r«l  computer,  In- 
stood  I  bo  orlglinil  design  should  miiko  provision  for 
Hidin'  ns  mi  intogriil  port  of  tbo  system,  Import  not 
sbnpliHoiit Ions  tuny  (lion  bo  fonslblo,11"' 


tt.tt.3  Airborne  Hungc  Only” 

Vn  ,1  ii'litini,  Kmifiv  Oulu  [Albf|  sot  Is  ibo  AN 
Al’H-rt  (.1  Vncy  Airhnnir  l‘nh c  (inn  hni/inn), 
Al’ti-A  oporutos  In  the  H  lumd  uml  Inis  u  boiito  width 
of  30*.  Acouriito  pointing  of  the  ootonnii  ut  the  lurgot 
Is  not  roipdrod.  The  rlTortlvo  tracking  ruiigo  Is  of  tbo 
order  of  l,AlMtyd,  Tbo  ningo  presold  oil  bus  u  probublo 
•'Hi »r of  1  3t)yd,  The  error  Is  probably  iimtsl-slcudy, 
Tlm  I  Is  to  suy,  during  one  run  It  might  ovornuigc 
slondlly  ul  HI  yd,  but  during  the  nest  run  It  iitlgbl 
iiiidommgo  slondlly  ul  30  yd,  Hindi  poiforiiumoo  Is 
excellent,  If  It  run  bo  iidhorod  to  under  Hold  con¬ 
ditions  of  rid  II  irii  (lot!  inti  I  imiliitoiuiiiro, 

Al'fl-A  sonrclms  niilomiillonlly  In  ningo,  swooping 
from  iltMt  to  2,0(ltl  yd  twice  nioli  iiooond  I'pon  on- 
oiiiintorliig  n  turgot  It  looks  on  Hint  turgot  mid  trucks 
In  miige  unit uiifil Iffiliy ,  The  giitmor  must  still  truck 
In  angle  uml  trigger,  Horn  use  of  ground  rotlocl  Ion  the 
1 1 roson I  null  Is  somollmos  not  dependable  under  un 
all  Kudo  of  N.lltltt  ft, 


11  Nomenclature  for  ImiihIs  |si  P,  33,1  to  ilwt  me;  |„  itmi  lo 

J. AAIt  mni  H,  I, MU  lo  A, 3110  me;  X,  fi,3(HI  lo  i t.tNM)  me; 

K,  over  1 1,13)0  me, 

"  t 'uotber  tiiforiiiadou  on  Hie  sols  discussed  will  tai  found  In 
tlm  Nummary  Teelmleal  Iteport  of  division  (4,  Volume  3, 


floi.ii  jRntifffl  uml  Anglo 

AirtmrntiOm  flight*  £A( IHJ  AN/AIKbH  (lubaliltoil 
turrets)  imtl  AN  AP<  1-11  (mutate  turrets)  supply  no* 
uiily  range  but  also  ualnmtli  and  elevation  Tlm  sys¬ 
tem  weighs  approximately  ISO  lb,  It  has  the  same 
range  aooiimoy  and  lingular  coverage  ns  dues  AI*<  1-8, 
hat  employs  t  lm  ouuloiil  scan  described  above,  How¬ 
ever,  trarklug  In  angle  Is  not  ns  a  reunite  ns  Is  visual 
trucking.  For  toll  warulag  and  defense,  pnlul-blarik 
lire  Is  used,  The  presentation  Is  n  dot  on  a  small 
out  I  lode- ruy  lube  (tl  scope),  which  must  he  kept 
centered  by  tlm  gunner.  A  damping  circuit.  Is  em¬ 
ployed  to  mlulmlHo  "Jiggle,"  Precisely  ns  In  the  ease 
of  lend  computing  sights,  a  lug  In  presentation  Is  u 
licunlty.  With  n  time  constant  of  *  f#  sen  (which  Is 
considered  short)  tills  lag  Is  of  the  order  of  t*  see, 

tidt.l  Airborne  (inn  buying 

Mrhitruv  (inn  l.tii/ing  [At  lb]  sets  AN  AP(l*|, 
AN  API  1-3,  AN  AP(  1-3,  and  AN  AP(i-lil  are  de¬ 
signed  for /off//  automat  le  ranging  mid  bucking  In 
uKlnmth  mid  In  elevation  APd-l  mid  APd-2  weigh 
id  unit  nut)  lb  mul  operate  lu  tlioH  band.  A!  >1-3  uml 
APd-Itt  weigh  about  2AU  lb  nod  me  woii  up  In  tlm 
X  baud,  I. Idle  Is  available  lu  (lie  current  literatim' 
concerning  I  nicking  errors  in  angle,1'  h.', si  limit es  of  m- 

ettiiicy  have  It . us  optimistic  as  A  mllllrndlnus  but 

tills  depends  somewhat  mi  tlm  lingular  ruin,  APd-lll 
Is  engineered  for  use  with  the  Mporry  M-N  sight,  Tlm 
mitemni  Is  a  eouleal  seamier  It  in,  In  diameter 
imitmled  In  n  hull  IN  In,  lit  diameter  w blob  Is  fastened 
rigidly  to  the  outside  of  the  turret  "*  (c.g.,  tlieHperry 
A-17  hull  turret  In  the  tall  of  the  11*32),  The  bull  con¬ 
tains  motors  and  gears  which  spin  mid  direct  the  mi- 
t  ••mm  rein  live  to  the  ball,  When  ducking,  the  axis  of 
the  eouleal  semi  points  directly  ul  tlm  target,  The 
niadoii  of  this  axis  Is  the  vector  sum  of  turret  unit  Inn 
uml  motion  with  respect  to  the  hail,  It  follows  that 
the  relative  displacement  of  the  miteiuiu  within  tlm 
ball  Is  the  lead,  since  the  gnus  are  hareslgliied  wldi 
the  turret,  mid  so  Is  mi  output  of  the  H-N  system 

iu.i  IiiNtiiblllly  of  a  ltfifltiM*yro» 

Sight  Sywtinn 

lit  Illustration  of  new  dllllealtles  Had  may  arise 
wlinn  radar  Is  used  lu  cuujutmdnti  with  a  sighting 
system,  consider  the  stability  problem  lu  tlm 

"  The  AinmiHcnl  hiilsimtnry  of  Wrtgltl  Meld  Is  wiudanltug 
tests  an  Hits  iioliit  . 


C'ONPllJIONTlAb 
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Hi'IMmIi  Aulomntw  (hm  htujinu  Tumi*  [AULT] 
Murk  I.  (Willi  ii  director  Nynlem  wucli  bnluivlor  iih 
llml  illxrniHW'd  below  iIiicn  uni  ueonr.)  Tim  direction 
«f  tho  tnrtcet  In  hIhiwii  In  the  Kiiiuter  iih  ii  collimated 
Nenpe  n|miI,  A  (nIiikIo)  xyru  kiiiinIm;IiI  In  iinoiI  Ik  predict, 
tlm  lend,  ii  in  I  tlm  mm*.  iii'n  In  lie  moved  nii  mn  to  keep 
tlm  mi iv inn  reticle  nf  the  Nl((lit  nil  the  Nyulhetlc  rndur 
tni'Utel,  Hiuikc  In  fed  iiiitnmiitleidly.  The  rmliir  Iiiin, 
hinvevei',  nil  u|i|irech(ble  Iiik  (HticklnoNX)  uinl  the 
Nynthetle  tui'KCt  In  Koverned  liy  the  e«|imt lull 

(*/<  4-  I  ){y  —  p)  ">  y  —  r, 

where  *  In  ii  dmnphiK  euiiNtnnt,  />  In  the  operator  il  ill, 
mid  y,  p,  t  me  rcHpectlvcIy  the  iiiikIon  tlinl  the  mm 
Him,  riel  nr  linnet  Him,  mid  iieluul  Iiii'kcI  line  nnike 
with  Ninne  llxed  reference  line.  The  ei|iintliiii  nf  the 
nIkIi!  In  I'lilltllhir  from  ( 'lni|iter  A,  Nenleethin  IihIUnI |cn, 
Il  In 

[(  I  4-  Il)lml>  4  I  l(y  -  <»)  » 

where  a  In  the  iinnle  mnde  hy  the  cIkIi!  line  with  the 
rel’erenee  Hue. 

Hii|i|iuNe  now  i  hut  the  lui'Kct  In  lull  hilly  iiNlern  mid 
Unit  the  khiin  Niiddenly  nIiii'I  In  innve  (under  Nome 
iiludiiK  iIInI iiiiimiee)  ueeurdliiK  In  y  ■*  7./,  where  y„  In 
11  enuNtmit.  If  the KUliner  iIiion  imthliiK  mid  the  tnruel 
remidiiN  iiNtern,  then  fur  milt  unit  iiinthm  mid 
«  «  U  ar»,  n  »  H.  1*1,  /„,  -»  I,  the  reNiilthiu  miKidur 
Hint  Iiiiin  lire  nImiwu  in  I'iKiiee  A  The  kiiiiIici,  hi  nee  the 


l''liii  in  fi  tt»ilni'  Hint  mIkIiI  |'i>m|hhini'n|  Atll.T  Mink 
I  I  I'lieirr  fi'Min  |tiill"h  NMini'e!  Ailiiiidieiil  lli'tiiirl- 
tneiil .  It  A. M. ) 


nIkIi!  NeeniN  In  lie  I'mIIIiik  hehllid  the  tm'KCt,  will 
iieeelcrnte  the  khiin  In  the  wriuiK  dlreetlun,  TIiIn 
iIi'hkn  iiIi iiik  the  niilur  curve  which  Iiiin  the  nmiuc 
Suit  till  nIii|»c  un  the  Kim  line  mid  nii  iiKKruvuteN  the 
MlUintiiiii  ii  the  Kiltmer  euitid  netnully  keep  IiIh  nIkIi* 


line  on  the  rndur  target  perfectly,  then  p  *  a,  nnd 
the  two  etpwlhmn  iilmve  yield,  for  constant  I,.,, 

4~  atmP  4-  I "!>'*■  [0  4-  n)lmp  4*  l]r, 

The  trmiHleid  term  In  dumped  mid  the  Nyxiein  In 
stable  only  If  the  routs  of 

~/w«.r,J  4-  »tms  f-  I  *  0 

have  iioKidlve  renl  purls,  TIiIn  incmiN  that  tm*  rniiMt 
lie  noKtdlve,  which  In  not  ponnIIiIo.  One  could  obtain 
ueutridlty  hy  mukhiK  *  iieKllKlhly  Nnndl  lint  HiIn  In  not 
poNNlhle  Nhiee  rod  nr  spot  jitter  must  he  dmnped, 

Il  In  elenr  t lud  the  dlflleiilty  mHncn  Ninee  the  lull l»l 
n|o|ic  of  the  riuliir  curve  In  ei|iud  to  tlinl  of  llui  gun 
curve  mid  the  hilt  lid  nIo|ic  of  the  nIkIi!  curve  In  only 
11  (1  4-  11)  tlnieN  llml  of  the  «im  curve.  It  Noenm 
|<Iihiin|I tie  to  deercuNo  Hie  elope  of  the  rndnr  curve  hy 
IIcnI  relleeiiiiK  the  Iiii'kc!  spot  from  the  mirror  of 
mint  her  gym  unit, 9,111  If  the  cipudluli  of  the  mislllury 
K.vro  In  eoiohlued  with  the  tivo  orlKlmd  ei|iiuliouN  It 
In  reudlly  ni'imi  (lint  n  |iuruute<er  euii  lie  elniNeu  to 
iiNNiire  nI 0 1 dlit y  of  the  reNiitlhiK  third  order  ijlfTeren- 
t  In l  <Mtuiit  ion. 

Il  In  iiIno  punnIIiIc  lw  to  reduce  the  Nlope  of  the 
riidnr  curve  below  Hint  of  the  nIkIiI  curve  hy  mi 
electric  eirciill  niicIi  iin  l hut  nIiowii  In  Figure  II,  In 


I'm mii  11  NliilillIrliiK  circnli!  Ailt.T  Mrirk  I  ( KlKiirn 
fmiii  Ill'll InIi  nmiiicc!  Al'lliiouciit  t tcpai't  incut ,  II. A.  14) 


which  the  Input  voltage  In  proportliiiuil  to  displace* 
incut  of  Ihi'Kim  rein  live  to  I  he  plnliorio  The  stabills* 
Iiik  nIkiiiiI  In 

/y 

(I  4*  WU  4-  H/>)  y 

where  »  In  the  dlrcrthiunl  iiiikIc  of  the  khii  platform 


f'ONFIDKNTtAI. 
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relative  lu  tlin  datum  lino,  dim)  /',  Q,  uml  If  lire  rlr- 
enlt  iHinutHlitn.  Tim  ptwlthm  of  the  rmlnr  forget  In 
given  by 

,  „  v>y  4.  T  .+  . 

I  d*  I  d*  #i>  (Id*  Qp)(  I  d*  lfi>) 

If  thin  eiptiit  Inn  Ih  oomlil noil  with  ilu>  night  eipmUon, 
p  being  phteeil  oi|iml  (<i  <r,  11  Fourth  order  different  lid 
oi|tinthili  mine*  wlume  ntiililllty  rim  bo  ONtiihlinhed, 


ti  t  m:\\  conchhm 

M, 1. 1  Sight  IhiriiiiH'lt'r  mm  u  Function 
of  Time 

{ >111*  of  tho  curly  |  <i<  i|n  imilm  fur  Improving  I  bo  per* 
fin’iiuiiiro  of  loml  computing  night*  (intgiilnr  rule  by 
t  Imc-of-Hlghl  1 1 1  it  1 1 1 1 1 1 1  it  1  Mtggcntcd  t  but  the  night 
pnriiiiiolri',  if,  lie  viii'inl  ii m  u  fmirt Inn  ul'  pienenl 
rnngc,  r.""  Thin  work  imninnoil  tluii  lln<  tnrgol  fol¬ 
lowed  11  n ( rnli^hl  lino  riniino  nml  llnit  tho  (I1110-11F 
(light  iniil(l|illor,  «tm  tho  time  nf  (light  uvci 
pronoitl  rniiKi't  (Thin  iinloilntoil  tho  eiillliiiitloii 
omii'i'iit .  (  According  tu  Kootlnii  A  ll  (,  "IMit.v  hi  l,oinl 
C'iiiii|itiliillini,"  I'nr  iinnlth'i1  o,  tho  lug  In  loml  ootiipn- 
( tit  ii  ui  11F  tin1  mini  n  it  hi  iik  circuit  inny  Jiml  biiliinco  tho 
emir  in  / ,iui  IF  0  In  olnmon  properly,  An  ininlynU  up  tu 
llrnt  nrilor  temm  nhuwn  Hint  n  iniint  bo  given  by  (lie 
i>\ (iiimmIi  mi 

i'1  1/  ~  r 

ii  <*  ,  .  1 

i'1  f  0  '21/  -  r 

where  llio  cinintniit  r  In  In  bo  rbiinoii  nolnewhiit  huger 
I  him  (lie  o\|ioo(oil  tnrgol  nproil,  nml  r‘  *«  ilr  ill,,, 
I'Vuni  llio  1 11  il n I  11F  view  ul'  in'i'nont  ilny  iilrbnnic 
lire  (Mint  111I  tliln  rcbiirnicnt  Intn  llttlr  weight  I'nr  (hire 
rrunnnn:  (I)  ngiilimt  oinvoil  rinii'nrn  iippncdimiling 
lllimitll  oiirvon  I,ao  In  In  orrnr  by  iibiiul  1(1  per  cent,  11 
riiimiil  bo  obnni'ii  tu  nlToot  thin  nintci'iiilly,  noil  the 
onllblHtlnn  oniicopl  olTectlvoly  ilurn  llio  niuno  J11I1 
\vl  t  In  hi  (  (hr  nooonnily  11F  iiwkwurd  nioohiiiilKiitliinn  ul' 
vnrlnblo  n;  (2)  pronotil  rnugo  Input  Is  Inn  rough  In 
be  ofllolcnl  hi  detcrtnhilug  r'i  nml  til)  miy  Improve¬ 
ment  III  iioouriwy  In  miiiplotoly  mnnkoil  by  iiiiioIi 
huger  iiporittlinnil  nrrurn, 

It  Im  cvh lent  Hint  midi  circuit  nuMlIlirnllunn  nlmulil 
iiwitll  n  rcnewctl  nlmly  ul'  (lie  (Ire  cuntrul  problem 
with  nil  element*  in  prnpor  Fuctm.  Al  prenotil  ,  (lie  bleu 
In  mitcb  morn  pertinent  tn  nndnlrcriiFl  fire. 


it, 4. 2  KximncntlHl  Spot  Sight* 

A  upciiihI  curly  prnponiil  for  Improving  loml 
computing  w'iim iniirli  bnhlor  In  eniiecpt,  Theoinintlon 
einiiioetltig  night,  tingle  mill  gun  utigle  in 

( I  -f  d*  ”  Y  d*  filmy, 

Hiippnno  tb nf  the  reticle  put, tern  ruiu*btt*  of  a  Itirgn 
number  uf  nputn  wltleli  uro  ml  fl,nni  but  which  hiivc 
rvliilivi'  mu! ion  wit  h  ron|ioot.  In  f  lic  reticle  eon  ter. 
bet  n„  lie  the  might  bet  ween  11  line  of  night  to  one  of 
thoHo  niiivlug  nputn  uml  the  ihttnin  line,  tluhi  thin 
Hput  on  tnrgol  .  Now  will  nutlnfy  the  etpintiun 

(J  d  <i)L«h  +  *»  y  d*  nUy 

If 

<r„  -  it  -  A'11i!  'l/,M"I'“, 

which  nictniM  (hut  tbenput  nuint  nppruiich  (lie  rotlelc 
center  cxpuiiont  lully.  ('iiiifhiuoiinly  minting  rot  loin 
1  linen  which  when  miperpuneil  will  give  nputn  helm  vlng 
In  thin  way  nro  nliowii  lu  Klgurc  7, 

Hnppune  now  Hint  (he  gniin  it  re  nlewiil  ritphlly 
nrouiul  In  got  nil  11  (ergot  moving  uf  11  count u nl  rule 
Yu.  Willi  I  hit  liMiiitl  night  the  reticle  would  lie  left 
hehlml  nml  II  would  take  nil  upprechible  (line  fur  llio 
giiiiner  to  got  mi  Inrgot,  Tho  wliolo  point  nf  thin 
ilovlee  In  to  olliiillinlo  thin  wimte  ibno.  To  llltlnlmte 
thin,  lot  llio  giiim  bo  hi  onrroct  lend  ponitinn  mid  mov¬ 
ing  ul  Hie  euiTeol  rule,  but  nuppune  (lint  llio  roflrln 
conti'i  Inin  mil  yet  come  In  I'orrcrf  lend  pualtloti. 
There  w  ill  ho,  however,  11  npot  centered  on  tho  Inrgot 
which  neemn  liv'd  nml  toward  which  nputn  mi  (ho 
light  nml  on  tho  loll  nro  ouiivcrglng  Amilyllenlly,  lot 

y  "■  >» <J  i  f,„),  if  —  —i»it  mid  r  ~  I)  wlion  l  «•  0. 
TI1011,  For  roimlmit  l„„ 

<1  «  y,J  -  rt„0  '  " 

«„  -  y„l  d  (*-,  -  <*„)»•  '  " 

t 'oimoipiently  tho  npol  «♦  for  which  A',,***  rf„  In  (mid 
ntiiyai  In  correct  loud  ponllloii  nlnco  y  -  <f„*  *«  yj», 
I'iii'Hioiinore,  miih  o 

ir.,  ir„*  «*  (Ii',,  —  (Tide  1  11 

il(n„  —  ff„»)  <  (I  A'#  >  rfu 

itl  >  H  A'„  <  if  11, 

tlio  ri'tiiiiltillig  Hpolii  converge  mi  11*  im  mill'd,  'I  it  In  U 

not  the  wlmie  ntnry  (/,„  Wim  held  I'oiintiiiH  illid  the 
field  limy  not  be  wide  enough)  but,  It  linen  demon- 
ntrute  the  vnlne  ul'  the  bleu,  It  In  nut,  rleiir,  hmvever, 
wlmt  nietluid  would  lie  imed  tu  get  tt  (mining  circle 
tu  move  wiltiibly,  Thin  bigeiiluun  Idea  tuny  bn 


(ONKII)KNTlAb 


lift 


NHW  UteVlf  MM'ftl ICNTS 


ftssossod,  porhaps,  as  ii  piMohlng-iip  of  oxlHting  gonr,  Hnpposo  Mint  Mm  voltage  derived  from  this  handle- 
Mm  prlneiplo  of  Mio  minting  rot  lulu  may  well  Ihj  bar  position  Is  fed  not  only  to  Urn  turret  motors,  lrnt 
Kopt  In  mind,  also  f|l0  HjK|lt  Hfmr  it  lias  boon  diRVrontiatod  (son 

footnoto  to  Hootion  8.4.4).  Hope  rim  pose  on  tlm  volt- 
tngo  soi i loo  for  tlio  trail  mil  virmiln  (Hootion  fi.fi.fi, 
“iCIiwtmnmgnotle  System")  this  inldltloiml  voltage  it. 
Thon  tlm  magnet  le  con  tor  toward  which  the  gym 
it'd*  processes  In  shifted  through  mi  tingle 

fl  «  k'n. 

Tlio  gym  proeosslminl  mto  is  now  ml  von  by 
{ I  4-  n)l*d  •*  y  —  0  -f  ft 
Hlneo  (I  «*  y  —  (I  4'  n)A,  it  follows  Mint 

I  my  -  lm(\  4-  »)k  4  \  4-  a  • 

I  +  » 

Next,  If  tlm  ynw  of  tlio  gun  iiiniitit  Is  o,  tbon  for  a 
velooily  oonlrollod  tmwt  tlio  idmolnlo  kiiii  |iosltlmi 
y  Is  ilotormlnoil  by 


Ho, 


Fon  mi  7.  I‘Jx|m  iim,iiI  In  I  "(ml  ivlluli' 


"hero  o  U  tlio  displacement  of  tlio  liniiilloliiir  con¬ 
trols,"  I'slng  this  rolnllon  to  ollnilimlo  y,  tlio  loud 
oi|iintloti  Is 

f»,(l  4’  II)\  -f  A  ■>  lm, I  -  4  tjifi, 

I  4  a 

Tlio  nIkIi!  lino  oi|tinf|oii  Is,  putting  /i  -  ,1  ,ll, 


CCd  4  n)/i  4-  1 1»  - 


{’lllml>  4 


4 


h 

I  4  o 


!¥■ 


( I  ho  torni  involving  do  ill  oioi  bo  oonstrnoil  nw  ho 

oiTor  sliioo,  boomtso  of  It . .  of  tlio  non  inoiiiit 

tnlorforo  somowlmt  with  tlm  non . .  positioning  of 

tlio  sight  lino.)  A oglotiing  nirornfl  million,  give  it 
sndiloii  Jork  Ap  to  tlio  Iniiidloliors.  Tlio  I’esponso  Air 
of  tlio  sight  lino  Is  InfeiTod  from  tlio  proondliig  otpni- 
lion  by  supposing  t lint  tlio  Jork  Is  mi  liisimitmiooiis 


ti.i,:i  Aided  Trucking  «»n  the  Idiio 
of  Hlgltl 

A  froipionlly  negloefod  point  in  tlio  design  of  oipilp- 
niniil,  Is  on  so  ol  oolilrol  (wlilob  nlTools  tlio  ollloionoy 
of  operation),  'I'lils  plinso  of  tlm  design  liivnl vns  tlio 
exporlmentnl  study  of  siioli  dolnllsits  Inert  In,  fiiolimi, 
mid  cramping,  using  Kiiniior  siibjools.  It  nmy  Involvo 
morn  subtle  mutters,  As  no  lomniplo  of  tlm  luttor,  It 
Inis  boon  proposod  Hint  uitlotl  tracking  on  tho  lino  of 
right  bo  i  ism  I  In  oolijlinotlon  with  n  single  gym 
sight, »» 


"inner  so  Unit  /w  mill  go  urn  Inllnlto.  Ilotii'o  dlvlilo 
by  /i mill  limn  lot  /i  tw,  Tho  rosnlf  Is 


Tills  shows  tlio  illrnni,  (or  posit linnil)  t  rooking  effect. 

»f  . . piling  of  Iminllolinrs  to  sight  On  i)m  other 

li'itid,  tbo  siiildon  change  In  angular  velocity  of  llio 
sight,  lino,  A(/nr),  ni iiscil  by  n  Ninlilon  nlnuigo  In 
liiunlliibiir  posll  Ion  tin  oim  bo  obtained  by  solving  for 

"  Tlm  minimi  H  In  not  always  ii  imiiNtsnt  for  nil  Horsts.  H 
nmy  (s',  for  i»otiiitito,  It  4  A  [„  |. 


CONI'1!  DKNTIAl, 
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P&  mid  no{tl«H>t4itK  lty/p  »nd  kpp/(\  -ho),  l.e,,  the 
Integral  of  Up,  which  Im  lip/p,  In  token  over  on  In¬ 
terval  of  ipiii  length,  mill  flirt  derivative  of  p  Im  sero 
lit  both  the  beginning  mol  cml  of  the  step-jump  In  p, 
lienee 


Mt>«)  »  .  x  -A(tyi)  -  nrrHrir  ^ 

*  +  II  lm(  I  +  II ) 


TIiIm  kIiuwm  the  velocity  tracking  effect,  coimtiint 
II,  If 

k  >  Hn(  I  4  <i)2 1  it, 


which  I'oolil  lnt|i|ieii  for  it  too  large  vnhle  of  k  or  o  Ion 
miiuiII  Milne  ol  fwi  the  velocity  renpiinMC  will  lie  uega- 
live  mill  |ioor  tracking  will  ninloiiliteilly  rewilt. 

It  Im  recommended  iim>  I  lint  elrcnllM  miicIi  mm  iIicmo  lie 
Mlielleil  with  the  nhl  of  nimuhiluiff  e/rr/rinn'r  vimiilx 
In  which  vmlniiM  imrionetei'M  inny  he  vnrleil,1 


it.  (.1  Corroellon  Mi'rhatilwmN  for 
Tar^at  Crnirnt1  Curvature 


A  ci him! n oily  recurring  motif  llironglinnl  previous 
chii|ilcrM  Inin  I ii 'cii  the  MerloiiM  effect  on  the  iletlecllnn 
pot  out  li.v  computing  mIkIUm  allrlhidnhlc  to  the 
neglect  of  ciiiii'mc  corvilliirc,  MccIiiiiiIhiiim  hove  lieeii 
proponed  ,M  which  will  Inkc  iIiIn  Into  neeniiiit,  not 
hy  the  iinlvc  iMpcillciil  of  lllpplnu  n  mwIIcIi  from  IIKI 
to  (HI  per  cent  of  pri'Moiit  time  of  lllghl  In  going  from 
rcclllhionr  to  cnrveil  target  pntlm, 

Hy  cipiiillnii  (III  of  t'liiipler  2  the  eiii'l'crl  kllic- 
inntlc  iletlecllnn  Im  given  ipillc  chiMcly  In  IcrniNof  the 
imgiilnr  inoinctiliiiii,  M  -  r’w,  of  o  liirgel  of  null 
imiMM.  TIiIm  ilellcctlnii  nmy  lie  written 


*•-?[' +3*h/'l 


The  cIiimmIciiI  leinl  ciiinpiltllig  night  cmiteiilM  IlMelf 
with 


Kveu  (IiIm  Millie  might  well  he  correetoil  hy  nllllftliig 
I  ho  rule  of  chiiiige  of  prcMcnl  rniige,  iiNMiinthig  gooil 
Input  of  riingo.  The  point  of  the  preMoiit  iIImciimmIoIi, 
however,  Im  to  Imllcnle  u  mechiuilMio  which  cun  he 
coiiihhieil  with  mi  on  Hun  ry  gyro  eight  to  ylehl  the 
angular  momeiiluiu  correct Ion 

Umo  the  elnglc  gyro  front  it  K-IA  algid,  without  the 


1  Hiiuli  MimtlcM  wiii’ii  iinule,  fur  iminii'itn,  lit  (tie  Man'ottim 
lliiritcy  hiiiiiimliiiy  of  (Jotiiiiilila  riilvemlly  iiiMlur  .1,  It, 
itllNMutl, 


ImlllMtlc  coiln,  The  deflection  of  the  mirror  of  this 
gyro  Im  made  proportional  to  M  hy  feeding  n  current 
to  the  rmige  coIIm  through  a  nonlinear  potentiometer 
(r‘)  whom  position  Im  determined  hy  present  rmige  r, 
The  light  rellected  from  thin  gyro  mirror  Im  to  come 
throngh  n  reticle  of  Miieli  variable  transparency  Unit 
the  inteiwlty  of  piiMMlng  light  at  wtiy  point  Im  propor- 
tloiitd  to  the  logarithm  of  the  dlHtmicn  from  tho 
eenter,  After  retloetlou  from  the  gyro  mirror  tho  light 
IiIIm  an  npiupie  eereen  with  u  Mtimll  central  hole  lie- 
hind  whleli  Im  ii  photocell,  Hlnee  only  Mint  part  of  the 
reticle  yielding  light  proport loiinl  to  In  M  IiHn  tho 
photocell,  the  vultuge  output  of  the  cell  Im  propor* 

I  h mid  lo  in  M,  TIiIm  voitnge  Im  mnplllled  linearly  and 
led  into  a  elrcoll  containing  a  coiulctiMer,  which 
dlffcii'iillideM  In  M,i  and  conlnhihig  a  range  poten- 
lh  une  I  or  which  introduce*  I,  2,  II, v  iiumiiim  of  a  nerve, 
a  ml  ii  i  ion  proporlloiml  hi  Inf  I  4  (//  2)(dlu  M  ill)~} 
can  lie  In  I  rod  need  In  one  hide  of  a  differential  The 
Input  lo  die  other  side  Im  proporlloiud  lo  In  r,  The 
dlfferentlal'M  output  (the  miiiii)  may  then  lie  Men!  hi 
the  range  |iolcullunic|er  of  Ihe  oMiml  gyro  Mlglil,  and 
the  correction  Iiiim  liecn  effected, 

The  gala  In  aeeiiniey  hi  iihimI  Mlgidtleniit  when  tlila 
eiirrei'doli  Im  untile,  The  effect  of  roiighliCMM  lu  Inpid 
of  r  mid  u>  Im,  uevcrlheleMM,  III  open  to  qucMtlon, 

It  Im  iiImii  poMHihle  lo  utilise  variable  Mpeed  drn’o 
compiilciN  (hull-cage  Integrator*)  lo  apply  IIiIm  cor¬ 
rection  In  Die  Mluhlllrcd  H-!l  Mlglil.1114 

n.  i,5  Vn  Owii-S|h>hI  IMti*  Mato 
IMnelinnl/nllun 

head  roiupillillg  nlghlM  have  deeouipoMcd  dellee- 
t Inn  Ini 1 1  kliieiiuille  mid  IiiiIIImiIc  coinpoiieutM.  Other 
deeionpoHli IniiN  and  eoiiMeipienl  iiieeliauliialliinM  are 
|himmIIiIo,m  ’I’ii  keep  one  miii'Ii  new  Idea  clear,  vurloiiM 
I  not  m  of  the  priipuHiil  (eorreelloiiM  lor  target  and  gan 
pin) fonn  neceleralloiiM,  and  iimc  of  range  rate)  will 
mil  lie  fiiiiMldered, 

A  hiiMlt  lead  eipudlon  of  gunnery  iMeipiallun  (I)  of 
( 'liapler  2  It  Im 

Vtf  IV 

Mol  A  —  Mill  r  —  »/  m|ii  »  —  K  —  . 

I'u  Ci, 

The  ineehaulmdlou  MiiggeMteil  iimcm  a  Mlmulard  mvn* 
Mpeed  algid  (die  I)  computer)  to  uieclinnla*  t'u  mIu 

*  If  die  tiifinl  volume  Im  In  xih'Icm  with  n  miiiiiII  rcMlMtHiwe  nml 
«  luiidcMMer  nl  tinge  |iii|mmIiiiici>,  die  voltage  ilfnp  aaron*  th« 
i-ohImI.m  ace  Im  n|i|irimlmnlcl,v  ItVilK/ill,  TIiIm  nmatl  voltage  limy 
Im  fed  I u  mi  HiiiptllW, 


('ONI-’ll)KNTlAh 


JIM 


1SKW  MNVKMH'MIG.'V'I'R 


r%  ulil,  „u  pmwntnKP  whwHcmi.  It  „  mt* 

. . .  »m  (,i,„  . . . 

k  ,  r'r  '‘I1"™' . . . . 

known,  Min  /  Oumputoi-  pmcwilN  Iii  whip  Nonnia  l„  ho 
II  Hi'ciiliii*  lii h! i Ion  liy  m-oopllng  „«  |,H  input,,  |„  ,||f. 
iwnco,  IV/  mii  r/i'n,  mill  ru/¥i,  dm  «|i>fnriiiinoil  |,v 

nnt|.vlnl,H(lw#  H,ro„«h  U 

«(r) A r  -f  Xr  *  *•«  nltt  t  >„  -  rw 


-  '  U» 

im  nnfgb  Xr,  (Tim  MiimuthliiK  .■limit  noIoi-IoiI  ^iikw«.him 

‘  '•  <"  Klw  I«>hh  ,|.„np|ntt  in 

'  '  ar  '■ M  ,’"‘h  ,<r  Ml"  rr  >*  “  ••Itlv.  ly  run. 

,  V'1"  ""'IHH  Xr  in 1 1 h t  |«.  ,.,„1|t,|„,1||  with  (|lt 

•ill  ih  li-  l..i'l.il'  v.  K.'i'  |»l-..j..,.|i|,.H  uf  pi-up,-,-  mI||I  pi-  nil, I 

,u !  i.  l"r  "»•  . . . 

P""<-r  ili'int  |,iw  in i|« |h , 

V-  1  , 

,  ~  M* 
r«  V  Hu 

'vlim-  p  Im  (In-  i-oliitlvo  linllMIr  „|,  ili.imlty,  „ui| 

f  Z  IIIIS  <"!"’11  *!"’  '“''K"'  Ih  .Vhi-iImI, 

U  lllllMli  (hIich  tin-  null  uf  Inngfli  Im  foot  j, 

Hir  iictinil  nit-  rung . .  llio  linlli'l  cm n,  |„  ,|H, 

IH»U«'  I'll  In,  III'  lipproxhutilcil  |iy 

/'  ~  (V, 

"I.;'''"  r  “  ««*«•»"•■  I'"*'  ii|.|ii'iii,i‘Ii  miKli'M  Hu, |  ,|„ 

. . .  1  U',N  ,H  ''<r«'.-llvi',  Til,,  vi'lui'li  v  Ml' 

il«-|iiirliii-«‘t  |n  nlvi'ii  in  lei  tun  t  cl\  |iV 


2  “  '  10  H,B0  IW  tf"JW  num»l  mto-llmo 

Hirflil  now  K.'-nniatf  a  Nimtll  almuliiln  omu-,  Again  Pit 
forwnni  liPiirlaphci'n  lUlm-ka,  tl,o  mi  vantage  |M  „v«ti 
"""  «"(rh„l.  Tl,..  wm  . . i, 

r"|i"|mi  mu. 

I  y  ,  l,|,||r>»n,||,v  (mhimim.  uf  1,1,0  m, ,|,|  fiuuiko  |„ 
MHii.MiicMldollootl,",  pnlfiMrijt alioitlij  I,,, ,p,Uo 

K"«mI  In  vlrliionf  tin,  iifi'WHooui  I  hot)  omnpntor 

il.t.f. 


M1 4 "D- 


"1,"T"  Ih  ,,U’  . . .  Ilf  . Ill,,  Vf|i li'ltv 

I'I"I|«  till'  (brxivt  im,,/,.  Hue, 

II  Im  III!'  I, lilivo  1,11,1,1, Ity  ,,  ,|m|  In  ,„  |„,  o, | 

mil  lull,  I  hi  Illation  ill . .  1 1  il  mi  1 1|'|<  lly  tnk«>ll  lull,  no- 

"'"I  Mi'iumiln  null  IiiiIIImiIo  oIi-i-iiIIm  mo 
'""’l"1  ,'"  lliii"«,f  IIIkIiI,/,,  will, .I,  la  ,„„,„i,||v  ,|o- 

iimIv  t"'i  u  ,"'l',',',,"l’"li"K  hW'Im,  Villi  I’ll,  or  lioi'u 

'  .  "  «  ni viitufi,  oiinoi'iiui,  Hoo 

niinii  Inn  (7)  iii  Clmpto,-  »,  Tl„>  Mh„,.|„  oMilnmlo 
'<  ,  1  ‘‘u  Mil, (III, I  lU'IIVO  Mllllafliotiil'y,) 

Till*  iih  ,i*m|„>,h|  into  ay  Ml, 'in  him  mil  „,Iv„,.I.,«i'm 
v  ion  iiMoil  iiKiihm,  i-nrvi'M  i,|»t,n,s|,„„t |,m  |MIWJ,t 
tlM-a  IIiih  ii  iikiiIiim,  iiiio'm  .mil  liumlior  „r  aunhmt  a 
nol|<lil,iii'lrin  liuiiilior  In  tin,  fui-iimllnn,  Thu  nimmi  la 
ml  only  a  mimli  pm-tol'tl,,.  t.itul  io,„l  In  h,iI,Jo,-I,„|  tl, 
li'  wuiiiiIIiIiik  olriMilt.  Cuimntiontitly,  |»om,|iltW> 


(.OIUTuI  A|»|»|>OM(llt  to  th(, 

Trm  kiiiK  KqiiMtion 

’I'l"1  Mtnily  uf  a  I'Kii, jiloln  lii-o  oor, t ml  . . . 

"mn.lM  it  kiiiiwlmljm  „f  tho  tmMnfl  'vmlim  uhloli 
,,H  |m,"ll,,l'1"'  hi, , Hun  t„  alKhl  lino  mutliiii.  In 
"imintlun  l.y  a  hinniin  Kiuinoi-  a 
7''  ««r  . . .  M,v«t,i„,  |a 

.V'"  ivm|)„i,«oh  la, 

l  m  "'i;''  I'"  I*  mi  lm„n, -root  Mcrvu- 

Im'i  |i*""  Win  V"IWM,"""Uy'  I’OHoi't 

Ihim  Inh.ii  iiutilo  In  ovpoi'luioiiliil  nil, I  Mimlalhil  pm- 

!"Vr  . . . . •‘••i«-Hi„.„,iyMiH.  itiMovi,l,.,,t 

H"’  I"1''"'  01  •""‘•"inti,.  InpuiK  u III  roinlor 

. »««"«•  Ht  t  I’tK’ti  vo,  Ihn  tho 

-  uf  "  . . ''I  mi.  imofnl  ovon  In  tlm 

oiimo  „  ii„„„i„I  "|i,'i„t Inn  m  |t(l.  wh|oh  uiilv  prulinlilii 

lolim  ,,1-nu  I  ho  pint  uf  . . .  hoimaiunml 

I u  illimti'nio  tho  moth, i, la  „f  tho  thourv,  ouiialilor 

!l!:l',,hn,"kl"«1 . .  wit  I,  n  Ion,  |  ,'„n„nPi„K  Might 

m  Knit  puMtlun,  y,  In  . .  |„  t|„>  hmullolmi- 

linkli',  n,  liy 

y  "*  .In  4-  //pi. 

Ii'il^io H  «"n  i"'Kli‘  lu  tho  Might  lino 

Hlmy  -I*  y  »  ( 1  -p  ,i  )!„,«  -}■  tr , 

*1  T  Im  ",l,,ni'"'toil  hotvvoon  1 1 1,-MO  t  w„  oitunthniM,  thou 

(i  +«v  +  n  +  (i  I-  „i/„,jc  -  Atftji  + 

Mn+w;.)  +  /*,/wTi  +  /<r, 

H il  ho  III, toil  thill  /„  Im  |l,'l-|„|t||',|  lu  V||,.V  with 

. . . . . . . . . 

*(n  “  f  WM)'!!1 , 

,  1*  in 

A' (ha) 


-["  + 

f. 
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U(C) 


A 

•i  !*%»(&) 
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i  f  /, 


^  -f  it 


'I'lm  iitllflohil  time,  t,  innvoM  fimtor  tl„i„  (  |f 
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More  generally,  ntippose  flint  Mm  giiiidmndlnhtir 
nijimflmi  in 

H y  <**  It'n, 

riiiI  Mint  tlic  kuuhIkIi t  conation  In 

I’y  m  Qa, 

where  H,  !{',  /*,  and  Q  urn  polyimmlidn  In  p  ■»  il  ilt 
whonceoelfleloutn  depend  unf*.  II' In  In-Id  constant, 
the  trucking  etiniition  In 

HQ*  ."/(V 

The  tracking  «><|iint|< in  with  L  variable  In  not  ob- 

tallied  no  Ii-Iidlly.  Since,  however,  1 1 . himgc  in  i,„ 

due  to  ranging  Inin  hul  little  etTeet  on  the  mil  lire  of 
the  tracking,  lliln  ei|inilloii  tuny  lie  lined  to  Infer 
vnrlntm  properties  of  the  trnekhiK  |ierfornninee,  For 
example,  there  are  various  solutions  of  the  tracking 
••'tniit Ion  depending  on  llie  Initial  Inindleliar  motion. 
If  the  dHTerein-e  of  nome  |ialr  of  lliene  nolntloiin  doen 
not  a|i|irooeh  Kero,  the  IrnekiiiK  in  rnneafm////  luiulnhlr, 
(The  operntor  eon  Id  t  ruck  a  linnet  at  rent  by  handle* 
lair  unit  Inn  not  uppmneliliiK  a  ponltlon  at  rent.)  The 
tlllTerenee  lietween  any  pair  of  nolntloiin  mont  satisfy 
the  <‘1)10)1  Ion 

/*/<",.  »  ll. 

Tldn  lain  a  noliitloii  not  u | >|> i< oiel 1 1 1 iu  m-ro  If  and  only 
If  I’W  him  n  in mni-Kii live  root  (For  example,  for 
aided  tracking  with  a  lead  cni«|iitliiig  night,  the  rootn 
of  l‘H'  are  ~H  A  and  -I  a l„.  Stability  i«  the 
normal  pit  mil  Inn.)  The  gciicml  ('i|iin  I  ioit  can  nlno  tie 
lined  to  mt m ly  hunt  lux  mnl  the  renpolme  to  handlebar 
Jerkn, 

The  niont  iinefol  form,  here,  of  the  moliif  ton  of  I  lie 
I  rucking  ei|imlion  in  given  liy  operatloind  methodn 
employing  the  eoiivnlntloii  Integral. M  The  reamm  In 
Mail  the  resulting  noliitloii  exprennen  nil)  an  a 
weighted  avemge  of  earlier  viilnen  of  g(/),  Thin  wnn 
llhmt rated  explicitly  In  the  preceding  paragraph.  Tim 
noliitloii  of  the  trucking  ei|iiut Ion  with  eoimlont  en* 
nlllelenln  In 

a(l)  -  Vn{l)  +  f  A ’((  -  t')n(t')<U‘  (I  >  /„)  , 

In 

Further  detalln  and  Inferpretatlon  will  not  be 
given,  In  nummary,  the  point  to  lie  made  In  that  In 
fill  tire  problems  of  overall  nywteni  denlgn  and  nyntem 
renpoune,  inetliodn  of  thin  nature  will  Im  exploited, 
These  general  melhodn  will  doulillenn  reipllre  exten¬ 
sion  to  uoiillneiir  systems,  only  npeelul  example*  of 
which  have  linen  dismissed,"1 


tt.S  NKW  TACTIC* 

* 

ii, a, 1  OflWl  Gunw  in  Gonvonilotiul 
Fighter* 

The  conventional  tighter  cun  mount  it  heavy  for¬ 
ward  tiring  lint  lory  at  minimum  cost  In  Installation 
weight  mnl  IihIuiuso,  The  penalty  in  Mint,  the  entire 
aircraft  must  he  aimed  and  must  fly  n  predictable 
eonrne,  (lie  pursuit  curve,  If  a  niiecennlou  of  hits  aro 
lo  he  neored  on  u  liomlier  target,  At  the  other  end  of 
of  the  nettle  In  a  tiirreled  lighter  wlileli  may  lire  an 
llexllily  an  lln  target,  The  I’-OI  In  an  example,  Thin 
type  In  peimllKed  Hot  only  liy  Inerenned  Weight  and 
nine,  and  erew,  I  ml  nlno  hy  nil  the  dilfleiilllen  In  Inking 
ih'lleollon  experleneed  hy  the  defending  liomlier  A 
middle  eonrne  appeared  feanllile  during  the  cloning 
moiillin  of  World  War  IF  II ‘  jUml  guns  arc  Innlnlled 
a!  n  large  angle  lo  the  thrust  axln,  litnlallnlloiml 
weight  In  not  nlgullleantly  Inerenned,  the  modification 
In  ponnllile  tor  ninny  exist  log  llglilern,  and  there  In  tin 
IncrciiMc  In  new  ,  The  following  (pavnllotin  munt  lie 
answered.  (I)  Wind  lire  the  iidvaiilitgCH?  (2)  Wind  In 
the  aiming  prnldcui  with  an  ofTHet  IiimIuIImI loti? 
(!t)  What  are  the  disadvantages?  t’onnldernlile  study 
has  lieeu  devoted  lo  lliene  point *.«•■»■  ■*». in, u« 

it, .1,2  Altiirk  by  i'aclng  Holiind 
and  Ht'lmv 

An  attack  In  ndviinlugcniin  to  n  lighter  If  hln 
nt tuck  path  In  nearly  reetilltieur,  no  that  coordinated 
hanked  Hying  under  eundlllotin  of  high  load  In  not 
reipihed,  If  the  delleet loll  rei|itlred  in  small  anil  din<n 
not  change  rapidly,  mnl  If  eoiithmoitn  lire  may  lie  put 
Into  the  liomlier  until  dent  ruction  ciinucn. 

The  nlmplcnt  method  of  gidnliig  these  ndvuhtngc* 
with  an  olTnel  ImmI iiIIii t Ion  in  lo  nmiilil  the  gnnn  point¬ 
ing  upward  and  furwnrd  In  n  vcrllcitl  plane  nl  such 
an  angle  that,  for  imniifi  High)  Mow  and  hclilnd, 
and  over  a  entinldoriililo  range  Interval,  the  backward 
enrvo  of  the  trajectory  canned  liy  trail  In  netmllily 
Iml.oieed  hy  Ihe  forward  and  downward  curve  at* 
tiilinled  lo  gravity  and  by  Ihe  parallax  cnrrecthm 
en lined  by  neparatlon  of  gun*  and  night,  The  feani- 
blllly  of  thin  depeudn  no  the  ballistic*  of  Ihe  uaunii- 
nil  Ion  emploved,  For  example, ^  lining  AIM  MH 
eallber  .511,  an  olTnel  angle  of  ilt)8,  and  a  parallax 
dinbutee  of  2  yd,  the  total  lend  reiptlretl  im  4  mllll* 
rtwllaiin  (±1)  fur  a  npeed  of  175  inpli,  II  mllilratllaim 
( ±  I )  fur  a  npeed  of  250  mpb,  H  mllllradlann  ( ±  2)  for 


CONFIDKNTlAh 


*KW  !»KVfeMM»MKW'f« 
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u  sfMwd  iif  ,12A  nipli,  Tliwo  negligible  variation*  cur- 
icM|utiul  to  mi  hilorvnl  In  range  of  from  MX)  to  -UK)  yd, 
(llvon  tin  ortVml  angle  mill  a  range  Interval  It,  I* 
nnniHMit-y  to  doalgn  Mpeelul  ammunition  to  achieve 
emiNluney  of  loml,  Then  tho  attacker  nt-otl  not  ile- 
tomilnn  HjK'i-il  and  range  with  prociNlnii.  With  im- 
NiiltMldo  iimimmltlou,  for  example,  typical  JapniicHo 
2«-mm  nitiiiitiiillloii  (#>„  -  2,0/58,  r„  »  0,210)  fired  nt 
tm  nfWt  of  1/5°  with  it  |  in  nt  I  las  of  2  yil,  tho  r:‘(|olrotl 
deflection  hit* ron non  frnni  1,1  In  28  iiiUllriitliaiiH  (nt  2ACI 
inpli)  hn  the  fixed  ni OKI'  nl  which  the  attack  In  made 

change*  from  200  to  A4K)  yd, . I  from  18  tn  12  nillll- 

nidlntiN  (nt  32A  i ii | >1 1 >  over  the  niiiiio  range  hitorvnl, 
1  lie  nttiii'k  In  Nt  ill  1 1 1 1 1 1 1<  |ionn||i|o,  lint  If  It  i*  not  iiumIo 
nt  n  |iroonloiiliilnd  N|ioodiiml  range,  the  |i||ot  iiiiinI  toy 
olT  ilolli'otlon. 

tl.,l,ii  Attack  on  ( <ol HnIoii  (Ioiii-mc 

'  " . ml  |ioNnlhlllty  Ih  to  ntlnck  . . . 

oi m i'nc,  Tho  nllookor  ornliN  In  on  n  | m i h  which  In 
relative  loot  loo  In  a  Ntrnlght  lino  tci-minntlng  ai  the 
•""Illior  If  tho  gun*  lire  ullWt  no  hm  to  lie  Nightly 
forxvtml  ol'  IIiIn  relative  |mtli  (to  allow  for  trull)  tlioii 
ooiilhiiioiiN  lire  In  |ionnIIi|o  with  lint  little  change  In 
the  rct|iiirc<|  nioiiII  dellcetlnii  (During  World  Win  II 

the  (loriiinii  Me  I’oroo  . n-iuimlly  tried  *klddlng 

I'ttiiokN  with  ooiivontl . .  lighter*, 11  Kvldontly  thU 

In  cipilvnleiit  to  Minimi  lug  gun*  nt  n  niiiiiII  oITnoI, 

W  It  In  nit  the  old  of  n  k,vi-onoo|iIo  lend  oinii|ilit  IllK  Might, 

It  Ih  dlllloidt  to  Hi  )  tVIng  the  ootntl . if  I'lgmc  I 

of  <  'IiiiiiIit  ,1  and  loriniiln  ( I )  of  I  'lni|(tor2,  i  lie  (loud) 

•«'•«'« .  the  relative  | in tli  mill  tho  ln.ro  h\In 

i i i i in* t  lie  IIMK)/fy  nIii  <)  i1,,,  whore  ly  nIii  i5  «•  o„  -in  0  Ih 
the  ooIIInIoii  eniii'Ne  i-otidl I  Ion .  The  tono  /  -  q  ~  I  Ih 

iiii  nlnioNt  lliionr  linietliiii  of  ,,l‘  <■„,  ( . . . 

the  linger  tin-  I  oi  I  lint  le  coctllclont  Ih,  the  hiiiii  Her  the 

Ml"' . I  hi  /  over  o  given  range  Intervnl  will  lie,  and  the 

more  ellleieot  a  lixed  average  oIThoI  from  the  relative 
path  will  lie. 

'I’wo  method"  of  making  IIiIn  nttaek  me  |iohh|IiIo. 
Hit  |  if  it  inc  IIihI  that  the  nlglil  In  iiITnoI  liy  an  angle  A  mid 
tliegmiN  hy  IIII  angle  A  -  hy  nIii  A  r„  rmllaiiH  where  I 
In  on  appropriate  average,  |!ni>  «  //.red  lighter  H|ieed 

and  fly  no  on  to  keep  the  Inrgel  centered  In  . . |T*et 

Night,  Then  lor  a  value  of  l)  illffereii!  from  the  o|»ll- 
ninni  given  hy  iy  nIii  A  -  r„  nIii  fl,  the  light er’a  put h 
will  curve  (quite  gently)  mid  certain  nhiting  erroi'N 


•'  hmwiigalliMi  of  Tli  W  Helimlilt  at  Col, mg,  (1,'i'iminv, 

!'<•  n,  Nsmiiii,  .nine  il  X,  t(H/i, 


will  ocelli',  Am  a  numerical  example,  "u  If  iy  «  440 
(|im,  iy  »  ,121  I'pN,  altitude  »  20,000  ft,  mid  if  API 
iM8  mnnmnllion  In  lined,  then,  with  night,  offwt 
IA°  IA'  and  gun  off  net  I  A”,  tlm  angle  off  can  vary 
from  70®  to  ISNJ*  off  iiono,  and  the  ulnilug  errur  will 
vary  only  from  a  maximum  of  0,7  mllllradlauN  be¬ 
hind  n  (point)  target  lo  a  maximum  of  A  8  tnllll- 
radliuiN  ahead  of  If.  An  a  nccoiii)  method,  NttppoNe  that, 
the  pilot,  keep*  the  target  centered  In  IiIn  offNef  Night, 
l*nl  adjiiNth  I, U  Hpeed  iieeordlng  to  iy  =  ty  h|ii  0  aln 
A,  III  IIiIn  eiiNi<  a  true  reetlllnem'  mill  mo  In  flow'll  mill 
the  error  will  nguiii  lie  Nlight, 

Taetleally,  the  ueeuriiey  of  the  lighter'*  fire  Nlimikl 
not  depend  i rilmillu  on  initial  range  and  lienrlng, 
Allowance  for  error  iiiiinI  lie  permitted,  Hlmllnriy,  a 
variation  In  the  eah'iilated  NpocdN  of  lighter  or  target, 
inilNt  not  einiHi-  the  neeimiey  to  delerlonite  too  nnieli. 

H,,V»  DImciinnIoii  of  OflWt  ffllll 

AIIhcKm 

The  dlNeiiNNloli  nhove  Indieiited  that  NpeelallKed  al- 
hiekNiil  IIiIn  nut  ore  are  ponnIIiIc,  Mat  there  iiee  ni'I'Iiiiin 
dlNiidviiiiliigi-N,  If  a  lighter  nrmeil  with  oITncI  gmiN 
atteiiiptN  to  iioii.o  niiythllig  like  a  pni'Niilt  curve  nl- 
taek  in  a  hIiiiiI  plane,  IiIn  rei|iiired  motion  will  lie  a 
t  wInI  in  I  Npaee  eiirve  with  eiirliiUN  IoinIoii,  which  prole- 
"I'l.v  caiiimt  In*  How  n,  le.  part  Icnlnr,  a  lighter  w It  limit 
a  lorwiird  Int Mery  can  hardly  attack  another  lighter. 

I', veil  iigniiiNt  a  IioioIh'I',  the  iii'giliiienlN  of  HeetloilN 
H.A.2  and  8. A  .1  are  predicated  on  n  liniulicr  that  main- 

lali'N  a  Ntrnlghl  ami  level . no,  lliilher  mild  cvhnIvo 

net  Ion  emi  emiNc  tin-  nttaek  lo  nliort  l''lually,  iinniiiii- 
lag  the  liouiher  doi'N  cooperate  liy  Hying  a  I'eetlllnenr 
eoiii'Ne,  the  lighter  In  iiii  eipmlly  eany  nl u it  for  any  of 

the  lire  control  . . -  of  t  Imptcr  A  which  have  well 

ndJilNled,  i.e  ,  Mi  fill  I  tie,  trull  iiIIowiihccn 

In  view  of  thi'Ni  dlHiidvanlngeN,  It  appear*  that 
tiiene  nl ti'i  kn  are  nio-i  promlNliig  when  mmle  liy  a 
night  lighter,  I' nr  IIiIn  ciinc,  the  |in iiillol  ewimo  nttaek 
ol  Heel  Ion  8  A, 2  In  prolialily  IionI,  The  dcfeimlvo 
rinliir  tall-eoiie  Nonreli  can  lie  avoided,  mid,  If  pro- 
v  InIoii  In  Hindi'  lor  both  upward  anil  downward 

liring  giihN,1'"  proper  iidvmiliige  of  night  *k,\ . . 

i 111 b him  limy  lie  taken,  TIiono  utlnekN  would  iiIno  lie 
ilmigeroitN  to  II  I  mini  ter  which  Iiiin  Hlrl|i|ied  Hn  Ki'tna- 
meiit  In  lall-eoae  del'eiiNe  lo  olilnlii  Npoed  and  tuldl- 
tliaial  pay  load,  If  It  In  aaNiimoil  that  In  no  doing  tlm 
light ni‘N  could  mdy  make  lall-cone  al  t-ncka  for  rcuNiiux 
ol  Inail  ami  hiitfetliig,  It  may  iiIno  he  kept  In  mini! 
that  the  put  hn  ill  Mnctlim  8, A, 3  are  enlliNloii  couiwn 
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mid  so  muy  be  as  nldrnetlve  in  it  fueled  or  self-guided 
missile  hw  Is  h  homing  course, 

n.5, s  Upward  llurnigr  Fire 

Turning  from  convent loiud  miicliliie  gun  h nmiment 
In  fighters,  upward  iinrrnge  file  nl  close  range  Inin 

been  proposed,1  Tlie  installation  . . Hint ^  itf  It) 

barrels,  etirh  containing  bill  one  round,  moulded  to 
fmt  sensibly  upward.  The  nltiiek  Is  In  lie  from  (lie 
lit m t  mill  billliileil  by  u  (live  down  mid  across  i Ito 
humber's  bow,  Upon  pull-up  below  III  the  smno 
vertical  plant*  I  be  lubes  me  rlpplc-thcd  miloniiilleiilly 
by  oculist  le  |»lekii|ifroni  the  bomber's  propellers  or  by 
optleiil  |ilekii|i  of  the  boniber'N  shadow,  The  range  of 
lire  Im  to  be  511  to  (Oil  in,  wlileb  meiniM  llnil  I  be  violent 
motion  doMrrlhod  on  I  be  idtaekor's  part  Im  neeeMMiiry 
If  be  Im  to  iii-flve  uiiKCulhed  ill  the  tiring  point .  Hell- 
mice  |m  (ilneed  on  ii  linear  |intlern  approximately  Nil 
tnelei’M  long,  riillier  l Inin  on  n  fireelMe  eMliioiile  of  de- 
tteellon, 

'I’liere  me  eerlnili  leelmleid  dlllieollieM,  To  nvold 
high  reeolt  h  low  iinixxie  velocity  of  (lie  order  of  the 
tiring  iiircriift'M  speed  Im  In  be  lined,  I 'niiMo<|iieiill,v, 
Inrge  enilber  (2,(1  to  3. A  cm),  high -ex  plosive,  mid 
fiined  projectiles  must  lie  iimciI,  The  lidtiel  ynw  Im  of 
the  order  of  10",  l-’or  n  m|i|ii  Mtnbllliied  projectile 
(rilling  ol  30  calibers  f H*r  revolution)  (IiIm  ynw  does 
Hot  diini|)  Miiltlelently  to  assure  mi  utigle  of  intpin'l 
In  voluble  to  the  I'niiet  lolling  of  the  fuse,  A  tin  stahi- 
llised  ((fojeetlle  Im  more  HiiliMl‘iir!oi',v,'JI1 

lift  NUMMARY 

Meet  loll  N|  limitH  tin-  eltnpler  In  I  In  mo  IiIi-iim  in 
blind  during  tin-  cIomIiik  iiioiilliM  of  \\  mid  War  il, 
The  next  phase  In  lire  control  dev  elopnient  mIioiiIiI  Im* 


1  tnlrmigHlIitM  of  |it,i'l»rli,  ttltmk,  ItiM-Mmini,  HoIiIi-.mIi t, 
IbiekcMmii,  in  die  l,uflfnle'ifiirRidmcg»iiu*lidl,  IlneneM-lovelii, 
Merman, v,  t-b  \V .  t'nxsnn,  dime  (IN  an,  IIHA, 


n  judicious  blend  of  |irlnrl|»|es  new  known  to  be 
essential,  The  |»k»n  nu  beiudf  of  the  desigiier  is  rnitde 
liitit  the  sliuiMt  of  expected  btellml  situations  be 
nmde  available, 

Ht-elbm  8,2  iletils  with  systems  Hint  stabilise  (lie 
gunner's  line  of  sight  by  removing  pert  iirlmt  Ions 
caused  by  nlremft  motion,  The  theory  of  the  rate* 
Htublllned  Fairchild  H-d  system  Is  brought  in  t  he  point 
of  deducing  the  complete  circuit  cipiuthnis,  The 
posit loii-st id dlliied  Mperry  8-8  H  sight  Is  dlsettsseil 
slnillnrly  till  hough  the  circuit  response  eiptntloii  Is 
nbtiilned  experimentally  rather  than  iiimlytJenlly, 
Htiibllimitlon  does  not  extend  to  aircraft  accelera¬ 
tions,  Mild  the  time  coiisIiiiiIm  of  follow-up  eirettlls 
must  lie  eiirefull.v . nsldered, 

Heel  Ion  Hit  discusses  the  use  of  riulur  III  supplying 
iiiiloinatie  luputH,  hi  miige  mid  In  beurlng,  to  a  tire 
control  computer,  Conditions  of  Instability  In  track* 
Ing  are  mentioned  brlell.v, 

Keetlou  8,  t  lints  as  new  eotieepls  (I)  the  variation 
In  the  sight  parnmeler  iim  a  function  of  range,  (2)  a 
inechmilHiii  designed  to  cheat  partially  the  transient 
lime  in  n  lend  computing  sight,  (it)  the  use  of  aided 
•lucking  on  the  Hue  of  .sight,  (d)  an  tmelllary  circuit, 
for  lead  computing  sights  which  gives  a  correction 
tor  target  course  curvature  through  the  rale  of  change 
of  the  angular  momentum  of  the  target,  ulanit  llm 

gnu,  (5)  the  nicchmditafloit  of  a  . . .  of 

lead  Into  own-speed  iillownucc  and  target  motion 

allowance,  lather  than  Into  kinematic . I  ballistic 

deflections,  mid  (It)  the  elements  of  a  general  theory 
of  system  response  to  control  movements, 

Heel  Ion  8,5  considers  us  new  tactics  (I)  Hie  use  of 
a  lived  offset  gnu  In  u  tighter  attacking  on  a  pacing 
course,  CJ)  the  use  of  siteii  an  Iustalintimi  on  a  col 
iislon  course  attack,  and  (,'»)  upward  barrage  tire  nt 
close  range, 

No  aeeoiuil  was  given  of  iiir-to-alr  rocketry  or 
air-to-air  bombing,  Due  must  also  look  elsewhere  for 
Information  on  guided  and  seml-gnlded  missiles, 
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<U  IINTHOIKUITION 

v  rill'  nprhig  nl‘  II)  1 1,  the  pingmiii  of  I  Ik*  A|i|iIIimI 
Miitliemm  im  I’nnel  In  / iH'krli'ii  hhh  lull liiicil  liy  11 
roi|iirnt  from  Dlvlnluii  7,  NIHtC,  t'ur  AMP'n  rnnper- 
II I  lull  In  the  i|i'Vi'ln|iliii’lil  ill  llii'  licnl  |iiikhIIiIi'i'iiiii|iiiI- 
liiK  nIkIiIn  for  riii'ki'l  II rinuci  where  llin  term  Ixnl  wiid 
in  lii<  lnli'1'in'i'li'il  n»  it  1 1 1  *  l,v  I  it  k  in  linn*!  Ii'tilillh>’  nml 
iiviilhililllly  In  iinliii  nC  llini',  in*  \n i'll  n»  in  uim'ii riii'y. 
’riii'ii'  were  Kill mi'i|ii«'iil  ri'i |i M'nl h  lii mi  DIvIhIhii  7  u m  I 
ir< in i  tin'  Nil vy  Ini'  iiddIdIiiiii’i*  with  vhi'Iiiiih  nn|ii'i'ln  nf 
till'  i’iii'ki'1  nlghllng  |ir< ilili'in .  Ah  ii  ivhiiII  nf  llii'Hi'  re* 
i|IH'hIh  AMP'd  ni'tlvIlli'H  In  IIiIh  lli'li I  fi'll  Inin  three 
I’lili'Kiirii'M. 

Fii'xl,  linin'  wiid  ii  general  ulnily  nf  wlml  nlghllng 
iiicIIiihIh  iiri' fi’iiHlIiii',  I'nr  rurketn,  I  In*  i'hmi>hi|iiI  proli- 
InniH  IiivoIvihI  In  IIiIh  i|I|«'kI inn  Imvi'  In  iin  vvllli  Iwl* 
IIhIIc  fiii'ninliiH,'* 17  nllnrk  angle  nml  nklil,'* '*  I  In* 
I'lfi'i'l  nf  wlml  iilnl  turgel  nml  lull,  Imw  llmne  Viii'Iuiid 
fnelni’H  iilfecl  nil'll  prupnneil  nlghtlng  liii't Ik h I ,  nml 
Imw  li'iii'kltiK  iiITih'Ih  nml  lw  iilTn'li'il  hy  llii'in  7  *"  Two 
AMI’  report  d  1  *  ciiiihIiIi'I'  general  iiDpertn  nf  llin 
pinlili'tiii  rI vi’  fnl'iiinliiH  relating  In  llin  ipnililillnH  III* 
vnlvnil,  mnl  Dimly  III  Dnlnn  del  fill  viiI'Ioiid  hIrIiI  Iiir 
nml  IiiiiId,  TIiIh  I'linplni'  I*  Imneil  largely  nil  llin  him  - 
Iminl  III  llin  Ii  ml  nf  Hicdi'  report  d  1  w  hlnli  In  «•«  >iim|«  lerm  I 
fiiinlmiiniilnl  In  any  flit uri*  work  I'niinnmcil  with  •  lie 
<  li'\<>l<  »|  mil'll  I  nf  rnmpMthig  nlghln  I'm'  rocket  filing,  A 
lil'li'f  iIIhi'iihhIiiii  Id  pii'Hi 'iilnil  limn  nf  llin  prliu'lpnl 
IhiIIUI In  ipii'Hl Iiiiih  Itivnlvml  In  llin  pi'nlilnm;  n  Hlinpll* 
lii  il  I  I'cii!  mi'll!  nf  klin'innlli'  Inin  I  In  given;  mnl  certain 
nf  llin  ipii'NllmiN  Itivni vm I  In  llm  i Ii'mIrii  nf  ii  nniii* 

I  ml  Ii  HC  nlni'InillUni  lire  net  fni'tli, 

Snviitl,  Hnvnnil  Npci'llln  pi'iipiiNiilH  I’m'  i‘iH'ki'1  nlglil* 
wnrn  nnnln  mnl  Dliiillnil,*'"’  Knr  example,  ii  range* 
lliullng  iiii'IIuhI  lining  llin  Mink  'ill  gyro  h|r| it  w»d 
nIiiiIIi’iI ; n  mildiit lire  rocket  nlglil  millml  I’AMH, 
('iiiihInIIiik  nf  n  im'i’lninlniil  iiiltllllnn  In  mi  nit tnint er 
with  nil  I'lni't lirii!  I'linnni't inti  In  n  nighl  liniul,  wiid 
proponed  *'MI  mnl  wiid  Di'linilnlnil  fur  ti'Dt,  A  Ininf 
ilf'Hi'i  l|illnii  III'  till)  I'lim'iintniiDlli'M  nf  (IiId  night  In  rIvhii 


III  llin  DIvIhIhii  7  811111111111', v  Tniiiiliiil  licport.4 
AMI*  iiInii  pni'tli'lpiilnil  In  llin  prngmtn  fun  llin  do* 
Vi'lnpinniit  nf  11  1  iilnl'*  iniim’Ml  niflhliiifi 
|  l*r88  J,M  ,B  W  **  reported  In  I )|\  InIiiii  7  Hnilinimy 
Tnclinlniil  Ui'pnit :  mill  Httiile  rein l im I  «t m linn  nf  limn 
rocketry  ,,M  nml  nf  Iiidd  1  ii  mil  il  hr  III  t  lie  |»ri'Hi*ln*e  nf 
wind."-"  u  »7 

Thiril,  11  HM't IiimI  wiid  fni'iiiillntnil  I'nr  determining 
wlml  line  pllniN  wlm  urn  iiltciiiplhlg  In  fly  it  diving 
mi  1  inn  11I  11  target  ink  I*  I  limlly  enough  In  einiwe  11  Hilt  >• 
h1  out lii I  error  In  rni'ki'l  lien,11  ’v  l'‘nr  fiirllinr  liifni'ltm* 
linn  I'nni'i'i'iiliiK  iIiIh  mnl  nllinr  ilnlnili'il  1  p  lent  Ii  >hh 
hI  1 II lie* I  liy  AM!’,  llm  mnlnr  In  referred  In  t lie  repoiin 
llnti'il  In  (In*  hlhllugriiphy  ill  llm  mnl  nf  IIiIh  volume. 

•  llin  nl  llin  priiiiipnl  edviilltiigcn  nf  rni'knlN  nvnr 
hIm'IIh  In  Huh  mi  Imiivy  gun  m*  gnu  nnmiil  I*  nnnilcil  In 
rnnknl  firing,  rdimo  tlm  rein  ill  In  taken  up  liy  llm 
ejected  giincn,  l,,i»r  Htulilllty,  llm  I'ni'kutH  ci  11 1  h|< lerei I 
linrn  urn  count  rooted  with  IIiih  111 'in'  llm  lull  iiii'Dn 
tin  Hiulillixi"!  I'nukntD,  Hied  forward  limn  iilrcili ft, 
liiivn  Imi'iiini'  mi  iinpniliiiil  wcnpnii  nf  warfare,  Hu* 
mi  1  ini*  iif  tlmli'  relit  live  iii'wiiunn  iin  mi  alririd’l  ivi'iipnii, 
llm  pinhloni  nf  Imw  they  limy  I'uhI  Im  iilinuil  In  nut 

yet  fully  . . I,  nml  tin  very  . . in* 

pilling  night  wiid  in  Nmii'n  ill  llm  <  ertli  1 1  III  t  Ii  Hi  nf 

liiiDtllltli'D,  iim  |>r< >1  tleiii  iw  I'uiiNlili'inlily  . . in) >11- 

i'iiIuiI  t Inin  Hull  nf  iihnhig  I mllet h  hi  tlm  IIcnI  plnce, 
<lue  tn  tlm  pri'Di'ime  nf  llm  IIiih,  I  he  i*i  icket  plnkN  lip 
iiuiHt  nf  i  I  m  vi'lnelty  In  llm  direct  Inti  nf  liiulluli  nf  llm 
airplane  in  Hm  nnrroniidliig  nlr  iiiiinn;  IIiIh  limy  dlfYer 
frniii  liny  lisml  illrni'tlnii  In  tlm  nliplmm  I >y  11  null* 
Hidernl >le  iiiimuiit,  Muri'iivui',  In  i let erm Ini ■  IIiIn  illrne* 

Hull  In  11  ilillli'iilt  Juli,  . . .  except  ill  nIiui'Ii 

rongi'H,  Hm  gravity  ilrup  iiiiihI  im  uccininlei I  I’nr;  It 
cm  it  I  ic  ninny  degreen  11 1  ii.lHKI-lu  l,t)l)ti  yd  range,  TIiId 
rnipilri'D  mi  nee  (direct  nr  Indiri  >ct )  knnvi  ledge  nf  llm 
niiiRe ; n M  mill  t here  in  im  nliupli'  known  IiidI riiiimnl 
lur  linn  In  11  lighter  pliiim  which  given  llm  riuigi',  A 
I  Iilnl  uni  ink  leru  I  lull  which  ulfeetn  the  whole  elm  r- 
ncler  nf  tlm  pruhlem  In  the  temperature  nf  the 
prnpelliml  grain  which  in  ilepenileiit  upon  the  initial 
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tempcniMice  (determined  by  eumlltlotiN  of  utonwO 
nut!  It  affected  by  the  altitude  til  which  Mm  uii-|>!iiiio 
may  have  I mi'ii  Imvi'liim  for  wmic  Mine  before  llm 
at iark,  Fluidly,  Mm  projectile  taken  iiommlly  two  to 
ti'ii  nccoiuIn  lo  reach  llm  ImikcI,  Hy  Mill  Mine  the  tar- 
tci'f  imiy  have  moved  it  eniiNldcnddc  dlwlaime  n>liillvi' 
to  llm  nil'  iiiiihm,  <  )n  Mio  other  tin  ml,  hIiii'o  i  he  ii  m  mu  n  I- 
tliill  illNpi'inloii  itiiniilltlm  to  only  n  few  iiiIIn,  h  Hi  I  nIiis'c 
iiiiwt,  i  cruet  k  for  iilivriil't  rocket*  are  rutlu*r  miiiuII 

bulk*,  locomotive*.  nun  emplacement  n,  mill  . . . 

tlilppliiHi  for  I'Miinpli'  It  wonlil  I m'  of  grout  uil- 
viinl iiki*  to  olitnin  no  imnirnti'  Notation  of  tlm  nikIiMiik 
problem. 

•1.2  FIN  N|\|l|l.l/K!>  It  OCR  KIM 

Mocki'tw  ini'  iiniiiiiilly  lii’M  iiinlor  tlm  wing*  of  tlm 


wimro  T  !h  tlm  propellant  tom  pern  turn  Id  degree* 
Fiiliieiilielt  itmi  pt  In  tlm  Indicated  id  tw  peed  of  tlm 
limrii'liiiiK  iilrplium  in  yard*  per  second.  Tint*  /  de¬ 
pend*  mi  liiillmtinl  airspeed  and  propolliuit  temper- 
iitmc,  but  nut  mi  i  II  vo  ii  1 1  if  Ii  *  Nmimrloitl  vrIiich  of  / 
mi’  given  In  it  ii'piirt*  w'lili'ii  tvo  shall  Imreufter  do* 
Hi’rlbi'  on  tlm  “Million." 


iilri'mlt.  When  llri’M,  tlmy  niTi'lomto,  liwrriisliig  ilmlr 
voloi'lty  to  ii  liiiitlliilllit  of  iiHimlly  (too  to  1,/itKt  f|<M, 
ili'lH'inlliiH  unduly  on  tlm  typo  of  rocket.  limning 
time  lor  inns)  rocket*  In  oIkiiiI  it  second;  Ii  ilepeiniH 
Kii’HlIy  oil  l  lie  teinperiiliire  of  the  |  impel  In  n( ,  IioIiik 
Nliurter  it  I  bittlmr  toinporiitnri'N.  M'ter  burning,  Mm 
roekolK  n|iiw  down  nan  In,  dim  to  drug, 

I'lie  limneliei'N  commonly  iinoiI  now  ni'e  trro  Intf/th 
hinnrhiiH,  The  rocket  In  niin|m'Iii|i'iI  lit  two  polniN, 
noil  bi'cnmcN  tree  lifter  It  Iiiin  trnveled  nn  limb  or  Ionn. 
Hiliee  It  |m  itlri'toly  moving  t liroiiuh  tlm  olr  ioiinn  with 
the  velocity  of  the  nlrrriil't,  tlm  itlr  iicIn  ntrougly  on 
the  tbiN,  turning  It  Into  tlm  wind  iin  nooii  on  it  leaves 
tlm  liiinmlier  If  It  In  not  nlremly  pointed  In  Mint  direc¬ 
tion  Angiiliil'  loon  mot  mn  cnrrli'N  It  beyond  MiIn 
point,  no  Mint  It n  direction  OHclIIntcN  with  decreasing 
a  in  pi  i  t  in  h'  ii  I  milt  Mm  direct  Ion  of  Hn  vector  velocity, 
Foi  sighting  pnipoNCH,  one  limy  neglect  Micnc 
oNi'illntioiiN,  proi'ii led  Mint  one deterinlncN  tliclr  over- 
nil  effect  on  the  gcimrnl  dlrcelloii  of  the  path  TIiIn 

i"  . . .  by  defining  nn  c/Arfb'e  Imnichvt  liitv, 

•dong  wliich  the  rocket  In  niipPonciI  to  Ntnrt  mil. 

n.a.t  I'lii''  KilVcIlvo  Innmeher  l,lni< 

I  he  cITeetlve  Inimelmr  Him  In  n  line  n  eertnlii  frnc- 
Moii  /  nl  tbe  way  friini  the  Ituiimhcr  line  (tlm  Him  of 
tlm  rocket  nt  firing)  to  tlm  velocity  vector  rein  live  to 
tlm  ulr  iiiiinn  of  tlm  nirplitim  lirliig  the  rocket, 

The  vidim  of  /  In  cnniniolily  between  t),H  ninl  tt,IM), 

1  or  tlm  A-lu.  II VAH  rocket  mid  in  tlm  verticid  plnne, 
/  In  given  np  pried  mutely  by  the  formula 

ailHI  +  33,27’ 

/  **  I  ,t»3  —  ^  ,  ( | ) 


Ken  to;  I  tilTi'i'llv  lioigi'tinr  line, 

I  he  /  fuel  or  In  the  In  I  end  plnne  need  not.  eipnil  the 
•"el'irln  the  vertical  plnne,  but  probably  In  close  In  It, 
Aeeordlnitly,  tlm  elTect  uf  nkld  (laolloa  perpeudli'iilar 
to  Ibe  plane  of  Ny euiiet r.v  of  (lie  idremfl)  In  Iiii* 
imrtn.it :  Nuppnse,  for  cvnmph',  Mint  Mm  velocity 
veeior  of  Mm  nlrernfi  pole's  20  uiIIn  to  Mm  rigid  of  Hn 
plnne  of  symmetry,  Then  Mm  rocket  will  turn  211/ 
iiiIIn  Into  the  wind  If  the  target  were  lived  mid  If  Mm 
plnne  of  symmetry  of  Mm  nlri'riift  eonlidned  the 
liii'Ket,  MiIn  would  lend  to  nn  error  of  20/  iiOIn,  wliieli 
In  of  (lie  order  of  IH  iiiIIn. 

I  lie  purpose  of  delhilng  till  elTcctlvc  Imillchei’  linn 
oinl  l  he  /  I  net  or  In  MiIn;  In  our  iilm  lysis  t  he  effectl  vo 
•"""''her  line  In  Mikcu  on  tlm  lultlid  dlreclluu  of  Mic 
Irnjcclory.  A  knowledge  of  MiIn  effective  lultlid  dime* 

'•"ii  In  . . .  lo  pi  mill  llm  ileteriuimiMiiii  of  tlm 

miinuer  of  Hying  Urn  Imincldng  iilrernft  wliieli  will  lie 
uiiinI  likely  to  nclileve  u  lilt 

It  it  long  liumclier  (mil  nr  lube)  were  iinciI,  or  If 
Mil-  rocket  propellant  were  fiiHlcr  liimilug,/ would  Ini 
Nimdier,  l  orn  bomb,/  •»  I  For  n  mneldiie huh  bullet , 
l  lie  bill  lid  velocity  ot  departure  In  I  lie  veel  or  rcsultiili.t 
of  (lie  velocity  of  the  a  I  rplu  tie  ncling  In  llm  Install- 
ImmoiiM  illrcei  Inn  u|  mulloli  mill  I  lie  velocity  pro- 

vl'led  b,v  Mm  propellant . ling  along  Mm  bore  axis 

(Iniiueber  line) )  Miiin/In  i  <1  it  id  tint  Me  In  nil  a  vector  illii- 
gnuo, 

In  tlm  ciinc  of  i'ockclN,  Mm  effective  In  1 1  ii  diet'  Hue 
kIvcn  iin  I  lie  effective  lultlid  direction  of  I  lie  tmjeetnry, 
Tlm  tmJi'Hlory  Itaoir,  relative  In  its  nffeellvn  ml  Mid 
dlreclluu,  In  I Iicii  given  by  tlm  angular  gravity  drop 
mid  Mum  of  lllglit,  wliieli  we  now  dlscitiw, 
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9.3.2  The  Angular  Gruvlty  Drop  x  i 
llm  Time  of  Flight  tf  * 

ini.0  mPkoU,,,,|  IIk  full  velocity  (|,«  Mart.  It 
,  1,1,1  ,'  ll"'v;  "Ppm'dnmlc'ly  a  jmniMlf.  Ul„| 

l»*.m#|KI,bn  '  "T  K 'll"' ,M  K,‘"v,,v  !«»"»  Hi"  nlWdvp 
to  dm  rocket  would  ho  «pp,,,x|. 
|,,r",,("'ll""nl  '«•  Hi"  H»."  Mm  mrk.'t  |1|M) 

tmw.|<Hl  to  any  given  point,  mid  Imtiro  to  dm  mug"  , 
10  thnt  l)0l"l!  K  m  /hr.  However,  I (,<»  alow  *p!X 

^  effective  launcher 
— ^bisection 


JAajectoay 


I’'""  n«  (Irnvll  v  ilr.1,1, 

•  In*  roi‘ki'1  ill  III"  llr*l.  purl  of  it*  |  ri.jeeiorv  iota  It  full 
IIMIfe  per  null  .llaloii"":  ||  al*o  point*  ilou  n  lOore,  and 

r  '-PI  kN'!'M,"T,l 1,1  M  H""",'vl",l  ,l"""'V)iri|  . . - 

II""  Hi"  ""I  i "i'll It  i*  Him  Hi.,  drop  K  |H  ((  ,.,irfMi|( 
'"or"  tliini  ll„.  iilmvo  moonm  doth 
f  MiiNlnntH  «„  m„|  //,  tiro  appro\h.ini, .|y  proportion, d 
!"  ' I'*’  'llvo  Iiiltft,.  >  from  til,.  Ii.iiIkoiiIhI 

'  ,l1"  v"  li...'i"l.or  dlrootlon  In  tl.o  verdeal 
I1'"""'  . . 'UliKly,  wo  limy  Hello 

**  l*l,i  4-  .Ip')  I'll*  y  III  loll*,  CJ) 

ii*  n  h'iioiI  ,ippinvl„,i,i Ini,,  h lii'ii.  . . . 

*  or  IrnWn  IIV,\II,.|„ |*,d,o„i  tfl'miK,.:, 

■  '  " .  ,M,i"  I”’1'  *h*»»Mi"«|  yard*;  d.oy 

,,irM" . .  "",i 

Hoomi*..  uf  Hit,  *!>"'  . . .  i,|  t|l(.  Htmt  ,,1'  Imriiinu, 

1 '  Mine  nl  llinln  fj,  „t  f„|,.|y  mIioii  rmiKOH,  I* 
proportional  to  iho  rmine  I  oil  |*  noiiror  n  ooimlniit 

I-:?  I|,,,,|!,r|,lr  "»««’■  At  l.muor  range*,  nl, on 
"  *1" od  In,*  dlod  down  ..Hid..,  llm  tin,,,  „r  (Uni,,  |H 

H)|iri,\liniili,|y  proportion, d  to  tlioroi.K"  A  fpiiidrnd" 
I'l.l'K"  with  enelth'leiil*  depending  *||g|, I  ly 
«.....wn*p,,odKlvo*f/loHilldnl)Uoo,'«  ’ 

,  "|""rl"iil  values  of  Km  vity  drop  angle  of  foil 

«~*inu  mo  mil"'; M"'  "  V,A"  * . .  •»' '» 

mi"  If  iw  100  mil*;  /,, ,i*  iiiiioh  ii*i  7  hirnmliiM  fur 


'Hii'iitltl"*  In  form*  of  range  to  target  „t  j, 
dlvti  tingle  (omit  toil  in  llm  on*e  „f  t<„H,  „f  tUght,),  rt|r. 

*l'""d  of  launching  airplane  mid  propollimt  temper- 
If  iitnro  mu  HVidhdile,"'  1 

id 

iiml  IitNlMntHnumiM 
J  Projectile 

r  Tl"‘  T'""'  r  "^'fidtiod  Ity  illviillim  Mm 
,r  I'""”1’/'  H'Kl"  '/■  Homo  vnliio*  of  C  for 

tti"  ml"  ll\  AH,  nl  mi  own  *pood  of  HDO  knot*  „„<|  a 
|*ni|«clh(iii  ("inporatnm  of  71)  F,  iiro  follow*, 

r  Aim  I.IMN)  1,/MN)  2,1X10  ;t,IXXI  t.ixxi  VI t 

I'  m  .-.no  niH  mil  Mm  UK.  yit 

*  ,I"H  rt<MI  y*  I'"1'  I*  »  K'M'd  round  vnlim,  Ai  lowor 
I  "in  pora  1 1  ii'o*,  It  t„ko*  loiiK.-r  for  llio  rookol  to  horn 

l,l,,k  "I*  "".Nliniin.  *pood;  lionoo  tho 
tliKl.i  t lino*  a,"  ImiKor,  mid  tlm  avonm"  *po,.,|*  „ro 

\  fornoiln  uivliiu  ro.iKl.ty  tlio  vorliitlon  of  I'  h|Hi 
'I'"  I'll''"'  *  idr*p....,l  r,„  In  knot*  or  „  in  v,.rd*  por 

I  «  ADO  4  I),  iA(o,H  -  ;j(Mp  M  5tx)  +  (t  sio  -  ptoj, 

l"'"l*"lliint  toniporiitom  I*  not 
,  V'  "IhI  l",,  Mikliift  iioi'oiiiit  of,  ooMHldorlnu 
llio  innoi'itrooy  idrondy  pro*oiit. 

Tim  /,,*/, /,  for  ln*tm»"„  „t, 

•III  knot*,  /  *  7ti  |\  Uiinti  yd  por  *oo  at  ftitp  v,| 
I'.IIK".  Ain  yd  por  M-o  at  2,0tKI  y,|  rinW.,  m,d  III!)  v,| 

P"i  *""  nl  l.ttllt)  yd  rntitt". 

!M>t|M>rNhni 

Tho  dl*par*lon  of  Ii"tn,d  mokot*  nl .  dioir  nv.'i- 

"U"  po*illoii  (all  IioIiik  till'd  iohIit  1 1,"  . . . 

^""'V  «  "'ll*.  ’I'll"  riidiii*  of  tl.o  At)  p„r 

""in  roil"  may  lm  of  tlu<  on  lor  of  7  mil*, 


i  t  ai:hoi>\ \\mi< 

If  will  l„.„**, i,n"d  Hint  ilii>  hiinii'liiiiK  idreraft  I*  a 
K  l  11  I'l'1""'  I  I'l"^  otlii'rwl*"  *p"o|||"i|  null*  will  lm 
•v,i  ,  M,t"o«d*1  and  mdiiiii*.  lit,"  radlmi  I*  (.„„i,l  to 
mm  llioiiNiind  mil*, 

9  ».t  Nklil,  Anglo  of  At  tuck,  IHvc 
Angle,  Other  Anglo* 

L"t  v*  lm  tlm  vt'i'tor  volot'lfy  I'olatlvo  In  tlm  nlr 
inn**  ol  dm  itli't'i'nlf  id  mi  im*l mil.  W"  la-oak  v*  Into 


('«)NFJI)KNTIAI, 


; 
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twn  y  In  ,fw  ,dmr  ,/  mmrtr„  „/  l/w 

mrerufl  unit  v,  fier/wtth'inihiv  UwroUv, 

v*  ■>  v  *f*  v,, 

Tin-  v«.|„r  v.  Ik  t.|„,  W,.  (lll, 

W™  •*  HHiKtslliMlt*  i>  nf  Ha,  vwtnc  v,  (HI..,-,.  Mkt<l 
Hiimf  I,  ,>  In  m-imllily  ,-,,""1  ,n„Ki,lni,ln„ri|„. 

m'l-'.r  v  ‘ Li!  "  ',k|l<l  ^"T'1  ln ,l"’  "'»K"llu,lo„r  it.,. 
imiiHirti  oink  I, I  In  null, urn  K  '"" 

li  1,1  V*1’  l,l„,„' 1,1  H,V. „„»’•,>*  of  III,- nlr, -nil'i  (I,,,,,.  |H„ 

!  ‘  ,I‘M'  ^ '''W'’11  ,l"'  I""  ln*l«l  prior  I,.  1 1,,-h 

huiurliliiK  II.Ik  illr,*,‘t I«m,  Ih  known  „*  i|„. 

[;Hr  0"  WHT.ll,  (1.,-  (|„|„,!,  ij„„  Ih 
V  li"'V"r  III  III,,  pi,,,,,,  HV„,;,i(>|  |'v 

I’1  •I"’  "•'■'•''I.n.  W,-  IINNIIIII,.  f„r  Hllll|»||,.|lv  ||„(t  din 

iHinirlH.r  In,-,  -lulu,,,  II,,,.,  Illlt|  i|ir„H|  ,1X|H 

""T’, 11 

.'ill*  I  j  ,  ,1  our  I.  III.  lynln  K||,|  m|i,„  |  |t  |  („i  i, in,  |,< ' )  , 

I  I"  ont/lr  of  nltork  „  In  ||„-  f,v „„  ||„,  , 

,  IIh-  iiln-nill  h  v,-|,M-|t.v  v  III  IIH  pint,..  „f  „v,„.  , 

"  ""  . «»ih-,- m Inn  |„  ,||IIKmi(IM 

1,1  ,h"  ',I‘"'U-Iw  , III',-, -I  |„i,  Ih  pohIHv,.,  6 

l  |  ii"ll''!ili-,l  iiiikIi'h  nr,,  pimlilv,., 

(  ohhM,.|  III,.  Iilin,*. ,,r  Myiin,i,.|l  v  , 

kii|i|i,ih,>  t Ikii  It  |H  vi.r!l,<,il,  Iml  h  j„<  . . 

,m"  . . . in . ,  .  1 

a  »|i",xi,„,ii"|v  „I.»„k  „  hyp, ii l„.| !,•„ |  |i,lt,  |„ 

:  |,,N  >h  u„.  tern  ut;  i„„  rii,.  ,i 

*<  ollli  Hun  u  Ilf  HdiiK.  „,,K|„  ||,,.  «|M|llin  ||n„,  • 

Du,,  lu  ih,.  liillii,, M,„v || v,  ||„,  |||K|.| 

Mmv  n„. MTuiiri  ii,,,.. 

,  I"!  '"T1'  "r  '  "  ,IIK  Im  ,'l'l""Niun,l,.|v  p,„-  Tl 

'!  ,l"'  '"I"'"'"  ,,f  niix|M.,"l;  ii  Ih  niH„  In 

|»i>|Nii'f  uiiiii  i„  ,,  -  |„  „  ,,„,.,„|l(  p„|,(l  „j, 

"" ,  l’i'ii|Mirl lf»i„il  l„  ,|„.  mi 1 1 ii, ,', *  „f  ,|„,  i|„ 

1  *<l»l»l'»»|l|’lllf(.  h | „ ', -, |  | ,„,,,  Ih  ||„,  ,.<r,.,.|h„ 

Hlnt|HiH|  c,  ,|..|i,.,„||„K  „„  ,|„,  ,|,,,wjtv  ,lf  |h(,  ((| 

"Mh-.ii,  Ti.,.  iiii<M|i,.,.,i  f„,,|K 
' ,!'"1  /’• •>;  I"  ,,"l|,"l  1 1»-  noli, vl, ;l  nh^vv,!,  « I, 
1,1  . . 'I*«i,ilnl  IIIkIiI,  wo  ,„„y  H  ,'l„>,  I  Im',',.1', tro,  /,,, 

h  illll 


"Ih’Ic  tl,  1-1,1.  H(.,., -I, .ml lull  ill,,.  I,,  K,.nv|(v  I  7  . 

ir;; w;. . . .  . . . . 

fiatVi . . . * . .  . . 
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ttw  ,  ,,,"r  A  u»n  1 1  ,trn  ft,  tlm  lf,|Hll0H  !ic!- 

f  '"•llrntwl  hIi'H|kh>,I  tt  ,m, |  tnw  uIi«|hhh|  v  \h 

11,/p  «  0  l  «X„IM 

I,.,  wliw.  h  Im  I1I,.|IHI||'(.,|  In  foot,  TI,o  IiiiI IohIihI  hIiwimmI 

1,1  In  I«-nn  Minn  l-liu  lino  Ii,,,.,ihn«i  lh„  Hlr  (mwiif*.  |N 

Im  'liiwl  l.,v  nil ||  it, In, 

1 1'  f  3~T  HOHIIONTAt 

_ l IKK 

||.  DWWCTlON.j, 

<r  nJ*  l!ni0TIV| 

H  OATUM  UNI  . 

UNI . 

k  TMNUIT  DiNIOTION 

I’  ,'lMI  H"1  n»wh.|hI,.,|  Mill,  I'ih-Ki'I  I  I'll  J,„, |„ry, 

)  ,  I,1'"  y1'1  *  ,H  ,Ih’  ""K1"  H"'  ImrlRontHi 

;  MI«.  I  „.;,.r  II,«|,|.  . . . .  ,i,„  r(<„k(i| 

Mho ",,M:  <  r,°,n  ' ,"*,1*.*,|l"l  •"  f li.M.fT<.,  llvo  l,imi,.|,«.|. 

'  .  "  nIi’imI.v  HIiiiIi  nnllv,.,  only  III,,  . . . 

. .  . . .  <i‘itii„im  . . . 

<lilTi.|',<i)f  I  mill  fi  nil, ml, |  In.  im, <i|  Ii,.|',.j  |t  |n  i||f|j,,„|| 

. .  u  Illll  HUKln  III m  Im-nI,  |„,f  ||„. 

"'ll  '"n'iIIn  "i»nl,l  prolix  lily  ,|i/r„r  l,y  voiy  „„„.|,,) 

Mi«-  iilrpli.iii.  In  iionIiik  up  onlmvu,  limn,  is  ,,*nt rii i. 

II  "  . «.v  lull,,.  . . . . 'null  lu  Dm 

"Kin  piilli  to  1 1,,  inki’ii  lul, III,., uiini,  I  (It  In  l  Im  rii, Hun 
I'limilim.  ,,|  il„.  ||iK|,|  p„n(i  Mini  .)>  -  d+fth  |h  f|,„ 

i .  °r  fllKlH  pull,,  Mi,,,.,. 

0  *»  ,’  It, 

I'5 

Tl  ,"n(  lu  K, ’ll, 'ml,  r /  In  o.f  mil  Inn  Cf)  nil, ml, I  Im  r, .pin, mil 

Py  w  ,‘"n  A  -  „Vl  Fii rllu .r,  . . .  mi  nlr,., lun  fh„ 

!,  'h  i";"I«*i'|Imi,,,i  to  iin  tt,.|Ki,i  ir,  /,  ^  ,„.„p(,,.. 

11  '  . . .  (.’I)  nmv  lmmi,„.N 

+  f„  ,. ,|H  ||  00),  h  m  h'W  ,  (l\) 

. hnIhuI,  TIiIn  i,.|hII„„  In  flm  „((,„■  k  mh 

. . 

<>lm,.rv,.  Ilinl  ivn  mm  imnlly  IhI,mo«Io.I  In  il,,.  „ir,,,.. 

1  7  "*  "f  ‘I"'  nM-k..|,,  fix.  u„Klo  from  Mio 

"'IiV* *,  ,"rfl’T,lv"  Him-  of  flm  nmkot, 

V'-i'’  (i"  ,n  /,h  'Hglv.,,1  I.y  nil, nil, in 

.  I  nil  mitihiut*  rn  1111,1  b  tmnmiu  ilnoriuinml  fur  I he 
IMilirufar  pbtnr  mid  mhri  I.y  i>xp,«rlnmii»iil  lir|„KH, 
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Typical  values  I'nr  n  fighter  piano  m’e«„  *  —  •MIimIIh 

mill  h  *.  76  yd, 

W«  limy  rewrite  oifimt Ion  (6)  l»y  using  Mm  leln- 
liuii  <»  *■  0  —  4  wliloli  Im  i'Ii'iu’  from  Halin'  3,  Then 
Ml'  III  1 1 1|  In 


Iw  . 

"i  0  +  0  «  4  4-  a  , 

i" 

(«) 

„  ,  1)//pom4 

f*  >»  Ol,  +  „ 

(7) 

Tlm  limp  i'i in w In ti l, 

/  **  y  M»<* 

»'f 

nfpi|imt|iin  (tl)  Unf  tlm  order  of  t), 6  nee,  mIhdo/i  76 
yil  mid  i'  i',  **  1611  yd  per  mcp. 


Tin*  **  1,830  Hi,  i>  «  ;ttfi  njpli  *  300  knots  ■»  607 
It  pi'i*  mu',  p  »<  0,0021  iduga  |M*r  ft* }  these  give,  lining 
0  *■  33.3  ft  |w  mm'*, 


r 


330, (XX) 
1,830  +  33,100 


11,72  mm, 


I’Iiiih  tlm  Might  iliroi'l  loti  approneiiea  Mm  tlirunt  dime* 
tl'»n  very  nluwly;  It  would  take  7  hop  for  It  to  go  hIx- 
11*111  lot  of  tlm  wny  front  liny  hilt  Ini  ilti*«>«'t  Ion,  iiMMtmilng 
Mm  tlinint  direct  Imt  lioli I  llxixl,  Minted  in  otlipr  ivdixIh, 
mi//  mI' of  thr  (tin nr  mo//  how  ilim/i^mrr  nr//  rlowl//, 
iiiiIi'hh  It  U  nlfiiiliinti'il  liy  elimiglilg  tlm  honk  to  hrlng 
tlm  lllglit  |  m  t  li  on  min  I . 

’!'!«*  lot ornl  motion  of  Mid  itlri'ioft  when  tlmro  In 
hunk  Inti  nnnklil  linn  Iiddii  ntiiilloil  1,1  Imt  will  lint  Im 

Dllllnllll'l'l'll  lll'I'D, 


"..'I.:*  of  Flight  Anglo  0 

lo  a  New  Fixed  Direction 
of  I  >n  t  n  in  Fine 

Hii|i|iohd  Mint  t lie  |i||ol  | iiiIIh  tlm  homo  of  Hip  oii‘- 

I'Oil't  up  or  i  low  . . Ill  a  tlxcil  nlgld  Im  on  t  lie  I  urge! 

mid  tlmn  lioliln  It  llmrc,  lie  will  t lien  tl y  no  iin  to  keep 
4  Doimt nut,  ii f t <>r  ii  I'oi't ii ii i  ii ihI 1 1 it t ,  In  iIiIm  i'iihp  <>< |in< - 
•  ion  (ID  linplli'N  Mint  Mid  lligiit  ptilh  tmidn  townril  tlm 
ItnnI  dti'pi'ttoii 


0  «*  A  +  o 


mid  inovi'H  nix-lmitlm  of  tlm  wny  from  tin  In  1 1  in  I  h, 
fi iia I  dli'ccl  It  hi  Iii  /  ni'p,  mIiidp  r  1  •»  tt.  I  Hpproxlimitflv, 

II  Mm  plmm  Im  liiiiiknii,  tlm  nttimk  niiglp  fnrnniln 
e« |ini 1 1« in  (fil  iimy  |,p  iipp||pi|  hi  tlm  plnim  of  Nyiu 
1*1  "try  of  tlm  nlreinli,  nxcDpt  Mint  //  com  4  iimihI  he 

. . I  hy  ,/  pom  A  pom  p,  if  H  Im  Hip  iiiirIp  of  Inmk 

(lili'nniii'i'd  n I m mt  Hid  Miriint  h\Ihi. 

Now  i'iiiimIiIdi'  motion  In  tlm  interiil  plmm,  th»t 
iinniiiiilng  flip  phiim  Im  not  Inmki'd  Imt  In  ppiimpH 
nklddlug.  It  Mm  Might  line  in  not  In  tlm  plmm  of  nyni- 
1  miry .  llmrc  will  Im  n  rroMM-w  Ind  foi'pp,  tpudlng  to 
•'ling  It  Inmk  II  */,  mid  4  now  di'tiotc  niigli'M  In  the 
Intpml  plmm  from  it  fixed  d  I  rim  I  Ion  to  tlm  flight 
dlri’i'tlon  nnd  to  tlmdntuin  Him,  rcNpecflvciy,  It  mny 
Im  mIiowii  Hint. 


7"0  f  0  «•  4,  (H) 

tlm  lime  DoiiNlnnt  V  In  thin  dump  Imlng,  id  IdiimI  for 
motion  In  n  Iiorlttoiilnl  plmm  without  luiiiklng, 

HVf / 

I’lir  -I-  tt,9/n'“,S  ' 

IIdit  Thr  Im  Min  Hii'imt,  p  tlm  nlr  dciiMlty,  nnd  S  tlm 
wing  ureii.  For  tlm  I*— 47 1 >,  for  I'.xiunplr,  nt  6,1X10  ft 
hKKimId,  wn  mny  tnkc  IF  *  14, not)  Hi,  S  »  hint  ft*, 


T 


ft)) 


t.  t  Tracking  with  a  Fixed  Sight 

Tlm  problem  of  t rnekliiK  mny  Im  looked  nt  from 
two  poll 1 1 m  of  view!  (I)  How  well  Dim  tlm  pilot 
keep  tlm  wight  line  on  the  target  ?  (3)  How  well  enn 

lie  keep  the  flight  dll . I  hm  (or  I  ml  ter,  t  lie  effective 

lionmlicr  direction)  where  required’, 1  If  n  perfect  com* 
pnting  Might  weep  iimciI,  Moiling  (I)  would  solve  (3). 
At  tln>  pn'NPin  Mum,  Mights  do  not  eom'ii  for  nkltl, 
tlmngli  they  tuny  eorreel  for  iiiiimI  of  tlm  nt  timk  nngle; 
It  Im  ilmreforc  imecMMiiry  for  tlm  pilot,  dm  fur  iim  pun* 
m|Ii|d,  lo  n void  Mklddhig.  In  iinniy  i'iimcm,  wind  mid 
tmgot  mot  Ion  me  not  eoiTeeted  fori  tlm  pilot  mny 
nnike  pint  Ini  eorrcrtinii  liy  pointing  IiIm  Might  id  moiiid 
"•her  point  Hum  the  forget .  TIiIm  pi'olitem  Ih  not  one 
of  f rocking  A  computing  Might  mny  Iiiivp  n  Might  line 
'lih'li  iiiovpm  rdn live  to  tlm  iilrtiluiic  In  n  niiiiumr  de* 
peinh'iil  on  vmioiiM  InputM,  In  piirtleuliii',  on  Mm 
•oimncr  In  tvhlcli  tlm  plane  Im  Imlng  down.  Tlm  prnh- 
iem  "I  f  ruck  log  piiii  tlmn  only  Im  Mtndicd  wlmn  MiIm 
Might  Him  mot  ion  Im  kiiowiii  f  I  ere,  wp  hIiiiII  piiumIiIi'i' 
only  Hip  proliii'iii  of  holding  ii  fixed  nlgl it  on  t lie  im* 
gel ,  mid  iIImi'iimm  hrlelly  the  cITeet  oil  tlm  lllglit  pntli, 
Hiippimp  IIi'nI  Hint  Hip  fixed  Might  Im  iiiipruxllmilely 
nloog  the  IhriSMt  iixIm.  ('iiimliler  wlml  mot  Ion  of  the 
Might  Him  will  ri'Hiilt  from  viuimiM  iimnlpiiltiHonM  of 
Hie  iilrplnue  cniitiiik  Moving  tlm  Mtlek  Inmk  ur  for* 
w  in  d  will  i'll  Imt  <  or  lower  t  lm  Hump,  Hiiim  i'll  Ining  or 
lowering  Hip  Mlgld  line;  Hiiim  the  pilot  him  eimy  cent  nil 
over  up  mid  down  iiiiiIIoiim,  Similarly ,  mmp  of  tlm 
ntihler  will  move  tlm  Might  Hue  to  light,  or  hit,  How* 
pvpr,  IIiIm  will  not  I'PMtill  In  a  pooi'dliiutpd  turn,  Imt 
will  hit rmliipe  Mklil  If  tlm  |)ilol  mppm  Hint,  Ilm  target  Im 
to  tlm  right  of  I  lm  Might  Ihm,  fur  liiHlnnee,  tlm  proper 
wny  of  hiinglng  tlm  Mlgld  Hop  over  and  (Im  only 
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£IHI5  CON 'I'll  Ml,  FOH  AIIIHOKNK  IIOCKICTN 


miy  nf  bringing  Hn»  flight  illroef  Ion  jut»  ngiwiimul 
W'ltli  (Ik*  wight  lino  Ik  1»*  hunk,  owing  Hie  rtiilditr  to 
k""l‘  ,"l*l  •'•'•i Ion'll,  that  In,  keep  tin*  Intal  force 

In  lln«  | duiio  nf  N.vminoti’v,  Then  llm  lift  veelor,  In- 
Hfoml  nf  Imlng  voi‘1  ionlly  up,  will  Ini vii  u  component 
*"  llm  H«lil ,  mill  tint  iili'|i|ini)i  will  whirl  I iinihiK  In 
Uio  right,  at  tint  |>ni|D'r  rule. 

I  mi'kliiK  III  uwliiiuth  In  (Iuin  ii  iiiui'o  nnni|)||nitloi| 
prni'odnre  tlniii  tracking  in  elevation,  However,  fur 
''"'"'"i*  liUntN  i  lu<  ojiomt  Iiiiin  iii'i 'ili'il  In  in  ml  rolling  t  ho 
I’l"'"'  ulun int  iiiiliiiiniili'.  Ko'nlllng  tho  rcwultw  nf 
llm  preceding  woof  Ion,  wo  limy  hihii  up  iin  I’iiIIiiwn. 

A  I'11"1  . .  "‘'"'k  n  ground  t ingot  fiilrly  woll.  If  tho 

wight  lino  In  hoh |  oIiino  in  I  In*  tiirgot  for  a  I'nuplo  nf 
ni'oiiiiiIn,  the  High!  direction,  In  olovntlnii,  will  differ 
fi'iim  tho  Night  lino  hy  lint  very  nuti'h  more  t linn  tho 
Ntomly  Ninto  iilliiok  iniglo  If  tho  iilrplmm  him  lioon 
tlnwn  vory  I'liii'fiiHy  no  that  mi  noi'Ihiin  wkid  him  011- 
I Oil'll,  tho  tllglit  i II iii't inn  In  oIiino  In  tho  Night  dll'.v- 
I Ion  In  iir.liiiutli, 

Oiiai'iihniliiy,  thoHlglit  lino  on n  ho  hoh |  nu  a  target 
In  "it  liln  ,'t  In  A  1 1 1 1 1  in.  On  u  I'niigh  ihiy,  in  iimloi'  liml 
i  'i  till  II I  Iiiiin  (tnr  hiNtaiioo,  hi  tun  Htoop  a  ilivo  nr  at  Inn 
gi'oat  ali'Npooih,  tho  Night  lino  limy  wiivor  III  in  iff l 

"iIIn  I'rni"  tho  largo!  Whether  ll . ini' Int . . Ihy 

okl'l  In  llkoly  tuon'ooil  I  In 'no  IlguroN  IniiiiI  yol  kiinwn, 
Imt  Noonm  very  pi'nhnhlo, 

HnppuNo  ni'\ I  thill  tin-  pilot  In  trucking  tilth  n  fixed 
•  lopi'i-NNo.l  Night.  If,  for  ovnnipli',  thoro  In  a  oniiipiitor 
hnlillng  tho  Night  lino  In  tho  piano  of  wviiiiuotry  hnlntv 
tlm  < In 1 1 1 ii i  lino  hy  the  roifiiiioil  innnnnl  nf  gravity 
'li'npfnra  rocket,  tho  Night  I'ooIn  llko  a  tl\o.|  ilcprcNwcd 
Night  im  far  iin  trarklng  In  I'liin'nrnnih  The  iIIni'IinnIhu 
"•'"V"  ii p| 'IIon  in  tlm  proNont  oiino,  with  nno  linpnrtanl 
change!  ll  tho  |  ii  lot  \\  InIion  In  ninvo  tho  night  lllio  In 
llm  right,  I  nr  example,  nml  honco  hnukw  in  tho  right, 
tlm  Inniioillato  ioniiIi  In  tn  oarr.t  the  night  lino  In  tho 
wrung  illrootlnii.  ho.,  tn  tho  loll.  I'nr  tlm  alrplnim 
IoihIn  In  mil  approximately  ahniil  tho  ilirimt  dlrec- 
linn,  mill  tho  Night  lino,  Imlng  I  ii  *ln  w  IIiIn  ilhi'i't  Ii  in , 
""•von  ill  a  illroi'tlnli  nppiiNlto  In  tho  ijlrootlnn  nf 
•'unking  Tho  inagnilinlo  nf  (hlw  effect  him  lioon 
Ntlnllo.l,"'  Tho  Hum  h,  that  It  Inkon  for  tlm  night  lino 
III  got  hack  In  ItN  nliirthig  point  in  liiilioiiloil  hy  tlm 
tnlilo  given  holnw,'"'  Til.'  iinnikiioiI  omnlltlnim  are 
o  -  MH>  ,v»l  por  ni'o,  T  «  7n  K,  .live  nnglo  aero  ami 
rt-ln,  IIVAIl  rocket, 

In 

''  (MtiiiiiiNliiiali'  viiIih'n) 

£S!  !  117,1  '"•ii 

.tiMHiyil  t  .ii; 


riiorn  are  two  things  which  altar  Hunks  vajilow 
Nninmvhat,  Mint,  tlm  proper  load  frnm  the  datum  or 
Hirimt  lino  to  Hie  wight  line  dlffoi'M  from  X„  hy  /«, 
being  the  Htl  link  angle | «  In  geimrally  nngal  Ivo)  whtali 
'v""lil  todiioo  the  value*  nf  In  itlnivo,  Next,  if  u  firing 
omirno  In  Imltig  followed  (he,  a  mairwt  witch  that  a 
rnokot  roh  imod  at  any  limtnnl,  will  lilt  the  target), 
tlm  iilrpInui'V  omirne  In  nurveil  downward,  whleli  ham 
tlm  ofTeet  nf  redlining  the  lift  L\  thin  would  Inereime 
tlm  vahioHof  faNninewliiit  At  any  rate,  It  hike*  a  good 
rri»»'t Inn  „f  II  Nconinl  for  tlm  wight  line  to  onnin  hark 
In  wlmrn  ll  Ntnrtod  frmn  nml  got  going  in  tlm  right 
dlri'i'llnu,  w  lilt'll  inenim  Mint  tmoklng  I'liinnit  ho 
oimy  In  insliniilli. 

Tlm  nhnvo  iIIni'iinnIoii  HNNiinmd  that  tlm  turn  wun 
porfootly  nnurdluntod  in  itVnhl  wkid,  and  Hint  Hie 
plmm  wiin  hniikod  maidenly,  ||  nlmilld  ho  olour  In  any 
oimo  that  tlm  pilot .'w  |irnhloui  of  hrlugllig  tlm  wight 
Ihm  when*  Im  wImIion  It  mill  at,  t  ho  wanto  lime  nf  avoid- 
lug  wklil  |w  fur  fi'nin  cimy, 

WIioii  tlm  iilrplauo  In  huiiked  to  tlm  rigid  hy  tlm 
n  nu  unit  /j,  tho  loud  X  hi  I'h'Viillnii  hooiiiiiow  a.  load  X 
oon  a  hi  elevation  nml  X  nln  0  In  imliniiUi.  Thin  help* 
take  earn  nf  iikIiiiiiIIi  target  motion. 


'M 


UWINfi  I'HOHUvM 


Tlm  li'wl  In  the  dlwpln . mm!  fruit)  llm  ilnliim  ihm 

to  'hat  Ihm  of  Night  which  In  iiionI  likely  to  nrhlovn  a 
lilt  nil  tlm  (argot,  Tlm  loud  In  nniilpniiiuh'd  "f  lour 
o|oinont«; 

••  'i'1"'  dlwpln . .  from  the  datum  line  In  tlm 

effective  liilluolmr  dlroolluii,  /,*. 

If.  Tho  gravity  drop  X„, 

H.  Tho  pimillnx  ourrootlmi, 

I  The  kiiminntio  lornl,  tlmt  In,  the  dlwpliii'oinoiit 
wldoh  In  iioi'ONNiiry  In  ouinpoiiMuh'  fur  llm  hirgol  niu- 
Huu  rein  live  In  the  air  iiiiihn. 

Wo  Hindi  ouiiHldor  now  tlm  lead  In  tlm  plmm  of  wyiii- 
nielry  nf  the  nlrornfl, 

"t.i  I  Ami  I  hi  Vprtictti  I'lniie 

We  Nuppimo  Hull,  the  liiuuohlug  idi'i'rnft  In  Hying 
"ll limit  hank;  mid  wo  I'onwlder  the  load  hi  llm  plmm 
of  Nyininetry  of  tlm  idremft,  whleli  In  vorHoal, 

Wo  have  alromly  iIInoiinnixI  In  HeoHnu  11,2,  |  tlm 
onntrlhiilhm  /«  In  llm  lend  whleli  In  dim  to  tlm  ill*- 
plaooiimtil  from  llm  datum  line  hi  llm  effective 
liiiitielmi*  line,  We  Im ve  alwo  diwciiNNod  In  Heotlnn  11,2, 2 
llm  eontrllait Ion  XM  to  the  load  dim  tn  gravity  drop. 


CONI’lDKNTIAh 


AIM! NO  I'HOHOKM 


HtrleUy  speaking  iln*  gravity  (Imp  X*  hIiuiiIiI  l»c  i*o;u- 
puted  for  the  raiini'  /(  to  I  ho  pewit  Inti  of  t  int  target  at 
Impart  miller  than  (lie  mime  r  In  I  lie  pi  wit  leu  of  the 
target  at  firing  (we  Heellnu  0,4.8  lioiiov), 

The  pitmlhix  rorreetion  In  of  the  onler  of 

2  „  2tKX)  „ 

radians  «  —  iuIIh  . 

r  r 

where  r  Ik  the  range  to  the  target  In  yank  Till*  In  due 
til  the  fuel  that  the  night  In  aland  2  yd  nhiive  the 
rocket  liumcher,  no  Unit  the  Night  line  iiiiinI  lie 
pointed  down  un  extra  angle  2/r  rndhniN,  mn  In  ehinr 


from  Figure  1,  'I'Iiiin  In  llieciiNcnl'  no  wind  or  tiirgrl 
motion  the  formnln  for  I  olid  lend  X  In 

X  -  K  4  /.«  +  *  • 

When  wind  or  target  motion  In  preNcnl,  I  lie  khiemntlc 
lend  Xa  iiiiinI  he  added  to  HiIn  e.vpreNNioli  lo  ehlnlti 
the  lolnl  lend  X, 

i.t.2  Kinematic  I, coil  In  Vertical 
IMonc 

We  nIiiiII  NiippONe  Unit  the  nlr  iiiiinn  containing  the 
I rnjeelory  of  the  rocket  iiiovcn  with  n  eotiNlnnl  ve¬ 
locity.  We  eoiiNlder  nil  veloeltleN  rein  live  to  thl*  nil 
iiiiinn  rn  liter  I  linn  rein  live  In  Ihccnrth  The  reimon  for 
till*  In  llmt  the  helm v lor  of  the  rocket  In  determined 
hy  the  nlr  iiiiinn  W  hot  the  curt  li  I*  doing  rein  I  l\e  to 
the  nlr  iiiiinn  or  the  target  or  the  luimchlug  nlrcrnft 
doe*  not  enter  into  the  proidein 

We  denote  the  tnrget  velocity  hy  c, ,  (If  the  target 
hiippeiiN  to  he  lived  relntlve  to  the  mirth,  c,  I*  the 
wind  velocity,  oppoNltely  directed,  In  nil  ciincn  c,  In 
to  he  the  target  velocity  relntlve  tn  the  nlr  iiiiinn,) 

We  lire  cniiHlderhiK  u  verth'lll  pintle  nml  we  iiNNiime 
< hut  the  target  velnelly  r,  In  In  the  hnrltmntid  dime- 
tlon  In  Unit  plttne,  l,e|  a  lie  the  angle  from  the  hurl- 
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mm  till  In  the  line  nf  night  lit  the  firing  Ion) lint,  Hettlng 
iwlde  the  Imuichcr  line,  gmvlty  drop,  rind  parallax 
effects,  the  klttenmUe  lend  Xa  cun  lie  nldiihiml  hy 


hoi  in,  A.  Pignrx  fur  miiitiiiliug  ktnmimtic  ti'iul. 


iifiplyhig  the  low  of  nIiii'n  to  the  triangle  AHC  of 
I’lgure  A,  TIiiin 

nIii  Xa  hr  m  IV 
nIii  ff  AC  “  r 

where  I’  In  the  average  Npood  of  the  rocket  Hluee  X* 
In  Ninnll,  we  replnee  win  Xa  hy  Xa  end  elilnln  the  ex* 
preNNltm 

Xa  -  nIii  a  (III) 

for  the  khiemntle  lend.  Ileme,  Ir  punitive  If  the  tnrget 
In  moving  uwny  from  the  Im  inching  nhvrnft, 

The  foinnilii  for  Xa  limy  iiIno  he  uldiillied  hy  roll- 
Nlderlng  the  tnrget  motion  iii'I'omn  the  Hue  of  Night ;  Hn 
rule  In  c,  win  a  The  lend  iiiiinI  lie  niicIi  Hull  Iheruekel'N 
nvernge  rule  iici'onn  the  line  of  Night  I’  win  Xa  eipiiilN 
Unit  of  the  lurgel, 

I'Iiiin  the  lolnl  lend  (llmt  In,  the  migle  from  the 
du Inin  Hue  lo  the  correct  line  of  Night)  In 

2  e 

X  ”  /H  X„  I  )  ..nIiih  leillmiN  ,  (II) 
r  I 

"■  i  ■'!  Approximation  fur  Mange  H 

10  Impin' I  I’o!  id 

’I  lie  runue  II  to  the  Impact  point  In  given  upproxl- 
umtely  hy  the  foriunlu 

11  r^l  -|-  ^coNri^'  (12) 

TIiIn  i*n n  lie  Neeii  fnim  l'‘lgure  A  hy  dropping  n  per* 
petulleiilnr  I’rniu  li  onto  the  Hide  At'  or  i»y  cxprcnnlng 
the  length  of  the  wide  r  liy  the  law  of  omnIiion,  ii|»|d,y- 
lug  the  I >1 1 1< it 1 1 1 ul  expuiiNlun  In  the  rcNiiltlug  expras* 


CONKIDKNTIAIr 
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uloii,  neglecting  tminn  uf  order  higher  (him  »,/\r 
mill  replacing  mw  (ff  -  bit)  hy  con  <r, 

«.4.4  Kliiimmtlr  Lewd  Jn  Morn 
General  .HI  hint  Iona 

A  iIImciimmIoii  nf  tin)  kliicmntic  lend  In  unlmiith  In 
«vnllftlilo,lf  It  In  nIikwii  t lint  ( til  lend  In  ccchdii  chncn, 
Hie  Night  Him  need  niily  I m  moved  In  uni  mot  It  through 
HI)  nr  01)  |)nr  cent  nf  (In*  angle  Hint  tln<  flight  path 
nniNi  lin  iiinval  through,  Iipi'iihnc  nf  thi<  effect  nf 
Inilik.  It  in!  a  hi  li  I  in>  Hoti'il  (lint  tlm  iiiili'lmiiiitnry  nf 
nkiil,  which  iifTi'PtN  iixliimtli  1'iTnrN  with  nny  exld.liig 
*.V|'P  nf  Night,  iiinki'N  It  Nii'in  ttltilnNli'iilijii  in  itilil 

complexity  In  . . .  fur  the  Mike  nf  I  lint. 

dlmeimliiii, 

Kinematic  loin  I  in  Ihn  |  tin  no  of  NyntniPir.v  Iuin  hInm 
hcnii  Ntinllnil,  Inking  into  nncninit  kinaittiil !«•  effect* 
mi  the  Innnelier  line  ti-rm/.i  hid  I  th«<  gravity  drop  \0. 

It  Iiiin  heen  hIiowu  thut  iiinler  nunmil  elreittiiNlniteeN 
•I"'  Nllii|il|llei|  treatment  nf  klitetiintle  lend  t  ini  I  we 
Imve  given  hi  Heel  Inn  II.  1,2  In  nihiidI. 

<>,t  DK,N|(,\  OF  SltdlllM,  MFf  llVMsM, 
tiFINFHAI,  CON.HIDFMA'I'ION.m 

'I  lie  protiieni  tn  ln>  eniHldered  In  the  fullmvhig. 

\  computing  Night  In  ile»ired  which  In  Nhnplc  In 
l",l*'l)  i unI ii II,  ulid  muhituln,  In  mncunv  fnr  the  pilot  In 
UNO  UN  puNNllde,  ilneN  lint  roNtrlet  IiIn  InetleN,  tukeN  u 
iididnnnn  nf  time  tn  iimo,  mid  geiN  the  rneknt  hn  neiir 
the  liil'gel  iin  | M ihm II de  under  nil  enndllhuiN. 

It  h  iiiipnrlunl  In  gel  un  full  mid  elonr  n  pleline  nf 
the  entire  prnhlein  dm  puNNllde.  If  there  In  tun  milch 

. . .  one  iiNpeet.  nne  In  likely  in  dlNcover 

••"'I . .  Iiiin  lieep  hull)  which  wlil  du  nne  port 

ur  the  Jiili  lieniilliidl.v,  hpt  hdlM  iiudi.v . mm! her  purl 

Fur  exniiipie,  grnvlly  drop  heiug  Hie  iidin)  ohvimtH 

'I'tmilHy  In  he  tukeu  . . unit  nf,  ntul  the  diiipied  one 

In  Ntudy  liienrelleully,  there  in  u  grout  tendency  In 
priipiiNC  NightN  which  enrreet  fnr  grnvlly  drnp  hut  du 
""thing  ill  Mint  oilier  «|iiunt  h  I«>n,  niipIi  iin  turget  hiu- 
liuii.  Due  eiiiuiiil  hupp  to  niiIvc  the  pruhiem  com¬ 
pletely  lit  mi v  Niinnie  iiiiiiiiioi'  Tlwi  in .  I'ullu 

•  * « i « * (r  i  Jin’ 

trldN  tn  nchlovc  the  iiIiiin  nf  ueeurney  mill  tuelleui 
freednm,  the  mure  eiunplleuled  the  tippumlUN  In 
likeiy  In  heemue,  tint  In  lueiilinii  the  prulmhie  in- 
ereiiNe  lit  u eight  mid  Npnee  Inkeii.  due  Nhuidd  prole 
idily  Ntrlve  fnr  mime  kllul  nf  euiuprniiilNe,  Hirerllleitlg 
««ui)  Pnlutn  flint  nccui  uf  Ipnn  iuipniluiiee  tn  keep  the 
meehnidiuii  within  rcuNniinhie  I muiio U, 

I  he  cnnuid  ltd  dlllleidly  of  Ihe  pruhiem  In  itppnreiif 


from  the  fullowhig  ennwldorarion  A  much  iihwI  form 
nf  nttnek  In  to  Hy  In  toward  the  turget.  at.  tree  top 
level,  reomhilng  hidden  un  hmg  iw  poNNlhle;  gt  the 
hint  hiHtmit,  one  rlmw  up,  put*  the  night  on  the  turget, 
lireN,  mid  (iiiIIn  uwuy.  One  eunrint  hope  to  get  tut 
neeiiruto  deternihmtloii  of  range  In  mteh  un  itttnekj 
hence,  niilcNN  one  tliDH  from  ipiite  dime  range  (which, 
iin  it  mutter  of  foot,  Iw  tiwimlly  dime),  one  eunnnt  ex¬ 
pert  un  ueeurnto  vrIihi  of  the  gmvlty  drop, 

AnoHier  fundament, nl  dltHenlty  In'  thut  emmed  hy 
the  totidcury  of  un  nlrphiiie  toNkld.  ItNeernH  fairly 
eerinlu  thin  Nkiddhtg  of  the  order  uf  31)  mile  In  Imrd 
tn  nvuld.  The  NorioUNtieNN  of  tlm  t'enidtlug  error  loin 
Imen  diNCiiNNeil  lit  Heethum  1)  3. t  mid  II., 12,  If  one  in 
lining  lend  n imputing  with  it  gym  Night,  there  In 
likely  in  he  Mime  eurreetlult  fur  nkiil ;  perlmpN  u  third 
nl  the  error  will  he  removed. 

«•».»  IWIIdllty  of  Simple 

Goal  pillar* 

It  Iiiin  heen  entmiDiti  pruellee  either  In  iiiin  ruekelN 
hy  eye,  ur  In  drive  In  ultiiiu  it  Ntiiuditrd  Net  nf  eon- 
« i  It  Ii  him  (ul  dive  uugic,  iiirNpeed  nod  riiuge),  mid  lire, 
lining  ii  llxed  lend  net  In  lieforeliiind,  it  iuiinI  lie  rent- 
ixed  thill  with  lung  truiliittg  mid  pruellee,  pilnlN  cm i 

heeuiiie  fulrl.v  . . unite  hi  their  tiring,  A  gum  I  Ii'iiiiIn 

plnyer  i'mii  return  n  hull  full ly  ehmeiy  In  where  he 

wiintN  it;  it  would  he  ifitiic  i II llh >n It  I . .  u 

ciuupulci  Hint  would  nmve  In  the  right  pimltlnn  mid 
lilt  the  hull  in  the  right  \tiiy  In  iiinki'  it  du  the  nuuic 

thing, 

If  n  Ntmple  computer  In  dodgncil  to  do  part  uf  the 
Jolt  mill  let  the  pi  lot  do  the  rout,  it  mild  iie  ilcdgncil 
mi  iin  out  In  upNct  the  |(|io|  ’n  tioriiud  reuetiiuiN  to  the 
nIi mit ti in ;  fur  example,  it  umd  not  repinee  ii  t  miu  nf 
iinliitiini  thought  hy  u  Net  uf  inetitul  iiiimeiii'iil  etileti- 

hitiuiiN, 

HuppiiNi)  lil'Nt  . . mpiiter  in  iinciI.  I'llutN  enn  he 

Indued  to  dive  ul  ii  given  dive  utigle  wlHiiiut.  very 
lurge  errors  It  In  mure  dlllleuit  for  ii  pliut  to  decide 
when  he  In  m  it  given  rmige,  I  Vnluihly  dlduttecN  at  tlm 
hifget  Pirn  he  edliunied  tnm*li  helter  t Iran  tiie  rmige 
In  Ihe  turget, 

I  I'"  almpleNi  kind  of  n  eomputer  Hint  would  lie  u 
retd  help  would  prnhnhiy  line  ulHInde  nlmve  the  tur- 
gel  (from  Itlthueter  mid  hand  net  turget  ulfitiide), 
dive  iiitgie  (from  mi  ueeeiemmeter,  to  lie  lined  while 
it  Used  nlghl  In  held  on  tlm  turget1*),  ntul  ludlmted 
tdi'n peed  hi  eutnpufe  gmvlty  drop  mid  nttnek  nngle, 
nud  feed  HiIn  In  Mime  Dimmer  Iiiin  the  night  line, 


t’ONFI  DI-INTI  Al, 
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1M 


If  there  la  u  gyro  Imil  computing  algid  In  tin*  air* 
ci'itfl  (for  gutia),  If  mny  be  lined  with  a  large  nmatiint 
tlmcmf-fllglit  netting  to  give  n  good  average  value  of 
gravity  tlrnp  anil  iiltnek  angle  (fur  a  mil  tun  large 
range  nl‘  illvo  angle),  and  tu  take  aouie  aeeinint.  »f 
wind  and  target  motion  (inee  Heetlua  0,11, 1  lieluw). 

fi.5,2  Coinpurativi*  iiii|mrlnnrr  of 
Different  Component!*  of  I^ntl 


Thiw/a  vtirlea  nliont  from  -.1  to  -.11  mlla,  n  SI  mil 
variation, 

The  kinematic  lend  tv  ahi  «/Y  may  lie  vary  large  for 
fant,  target «  an  windy  days,  and  negligible  for  fixed 
target h  on  very  eaitn  iluya.  hot  hh  take  a  SO-mpli  tar¬ 
get  motion  relative  to  the  earth,  with  an  eiptid  wind 
in  the  oppimlte  direction,  ax  a  typical  value  nf  iv;  then 
v,  -  (10  mpli  ■»  30, S  yd  per  Him,  If  a  ■»  CIO9,  v,  hIii 
ir  2/)  »  yd  |ioraoe,  Taking  V  ■*  fltKtyd  per  nee  (hod 
Heetlnn  0,3,S)  given 


We  now  eotinlder  what  iiiiihI  lie  done  to  olitnln  a 
ftdrtv  complete  mihit lint  of  the  rueket  alglding  prnli- 
leta.  We  Mlmll  at  tidy  the  prohlein  unduly  In  the 
vertical  plane,  "hum  the  prllielpnl  dittlenltleH  (except 
for  akld)  are  eaeoiintered  there, 

The  formula  for  the  total  reipiirnd  lead  in  oipmthm 
(II),  I'm  prewnt  pnrpoHeM,  we  may  omit  the  nioiiII 
ptirallax  term  2  r.  Tint*  we  consider: 


X 


X„  4-  /a  +• 


V,  -III  a 
1 


(IS) 


'I'he  angle  X  Ih  the  niigle  from  the  datum  Him  of  the 
plane  metiMired  dmvii'Vitrd  to  the  night  Hue.  TIiiih  X 
Ih  punitive  when  the  night  line  la  below  the  datum 
line,  (Writing  the  forniula  thin  way  doc*  not  mean 
diet  the  t In 1 1 tin  line  laia  In  lie  iiaed  aa  the  refereoee 
direction,  In  terniM  of  another  direction,  eountaiit  nr 
varlalile  relative  to  the  alreraft,  the  reipilred  formula 
may  lie  i  lei  bleed  from  oi|imtloh  (IS),) 

A  t'liilgli  eaihiiate  of  the  aUoa  of  the  three  tenna  la 
Itnportaot  In  deterinliillig  how  enreful  one  uniat  lie  la 
taking  enre  of  each  of  them. 

The  (/mrd//  i/re/i  term  X,  la  roughly  III  nilla,  plua 
IA  to  2tt  mi Im  for  each  thoiiHainl  yarda  of  hnrlimntid 
dlalaiice  Ui  tin1  target  (Hoe  Heel  Inn  0,3,3  and  Klguro 
n  lielow, )  VIiiih  If  one  wlahea  tn  lire  from  any  liorl* 
Kniitnl  dlataiiee  ranging  front  Il.tKMt  yd  In  (with  the 
ft-ln,  1 1  \’A  II ),  X„  will  vary  roughly  from  HA  to  3t)  ml  Ih, 
a  vtt  flat  Ion  of  ID  mlla. 

'I’he  attack  untile  term  fit  depend*  primarily  mi  the 
alrapeed  and  dive  angle.  Muppnac  I  In*  likely  range*  of 
lilrxpet'd  lire  from  210  kimla  -  ISO  vd  per  nee  to 
SHt I  knota  **  311  yd  per  aee,  mid  nf  dive  aligle,  from 
30"  to  tit)*,  Taking  the  Kt)K  alreraft,  w  ith  h  «*  7l,Syd 
and  «  ■*  -tt.lHS  Indiana,  and  tlm  ft-ln,  IIVAH,  pm* 
pelliint  tem pernt tire  70  I1',  we  Ibid  from  eipuition  (A) 
(aettlug  if  m  d),  and  eijiintloii  (!)  (or  from  the 
"t  ill  ilea"  ») 


n  -  —a, (I  mlla,  /  -  0.H3,  at  310  kimla,  30*  dive, 
»  m  —  H  Ml  mlla,  /  «■»  0,01,  at  SHt  I  kimla,  00“  dive, 


IV  aln  a 


A I  mlla.  . 


Hlnec  the  klnenuitle  lead  nuiy  he  In  any  dlrecthm,  we 
have  n  poaxlhle  vnrlatlmi  of  IDO  mlla  In  Ifa  value, 
Thiiaoa  ii'iutli/tfai/it,  with  moving  taegetn,  the  kinematic 
hiul  ciin  he  the  moil  iniinniunt  item  to  Ac  taken  cure  of; 
on  culm  ihij/H,  icilh  taegetn  at  rent,  il  in  velnticrlg  iinint- 
inirtanl, 


«.#.»  firitplia  of  l^utj 

To  help  the  reader'a  feeling  for  the  dependence  of 
lead  mi  range  and  dive  angle,  we  give  amne  graph*  of 
lend  aa  reipilred  on  a  fifing  coo  cue,  that  la,  a  emirao 
at  each  Inataat  nf  wlileli  tlm  rocket  may  effectively 
lie  liinuclmd.  la  each  graph,  cmitoiir  llnea  of  ronataut. 
lead  (In  mlla)  are  plotted  on  a  polar  diagram  In  which 
the  radlna  vector  la  the  range  mud  the  polar  angle  la 
the  night  angle  it,  Thna  the  graph  eoordlnntea  are 
ahnllar  to  actual  eomlltloiia.  All  graplia  are  for  the 
A-ln,  IIVAH,  propellant  temperatnre  70  K,  and  for 
plane  ehnriieterlatlea  <»„  «*  -OtllS,  It  *•  7I.S,  aa  for 
the  Kill''  aircraft. 

Klgurc  0  allow*  the  dependenee  of  X„  -f  3  r  on 
range  mid  dive  angle,  other  ipmntlllea  helng  fixed. 
It  allow*  how,  to  n  reiiaounhle  iippmxlmiitlou,  the  re* 
ittilred  lead  la  n  fiiiiethni  of  liorUoiitiil  range  ,r  -  r 
eoa  ir/|f  /  la  not  atnall,  At  almrteat  range*,  the  pnrnl- 
lax  eorrectloti  3  r  haa  a  I'otialderahle  elTeet  In  curving 
the  eoiitoiir  llnea, 

If  the  computer  la  . . impute  gravity  drup,  paral¬ 

lax,  n  in  I  Inuin'ltcr  line  term,  at  a  given  alrapeed,  It 
nntai  produce  ilm  iemla  im  Heated  in  Ktgure  7  The 
fact  that  angle  of  attack  u  ilepemla  on  dive  angle  Ima 
the  effect  nf  tipping  the  I'liatoiira  eetialderiilily. 

Klgttre  H  would  not  lie  ttaed  In  a  computer  oimtnlli- 
big  an  alrapeed  Input  .  The  moat,  likely  nlrapeeda  dur¬ 
ing  a  dive  w  ill  lie  higher  for  ateeper  dive  imglea;  I  Ida 
will  deerenae  Ilm  lend  reipilred  III  tlm  ateeper  dlvea, 
'ryptetd  Indicated  nlrapeeda  lire  SOI)  ktmta  for  a  illvo 
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HANOI  IN  YAHOO 

7.  Toliil  tend  (mi  wlmt  nr  < itrK<>t  iimiIihi),  IWi>iI  InitliMilmt  Hir»|im‘il  KIi-Iuk  miilOHi.  Uonlmirw  uf  A  In  mil",  A  — 
Aff  -I-  /n  I  a  r  A  11“  1 1 N  A 1 1,  Kill’,  I\  -  ill  HI  Kin  ill",  T  -  70  K, 


Tim  iiii'in  fuel  I  lull  kllmimiHe  lend  I"  due  In  elmng- 
Il'K  emu Ilf  IiiIIn  nit i'  n(  rlmlig"  nl'  |iun|I|uii  ii|'  the 
liilgel  1‘elnHve  In  Itic  nil'  iiiiihn  niiitiiiiiuIIiik  llm  |ilniin 
mIiiiivh  I  lint  II  emi  Im>  <  let  mi  i  li  n><  I  only  liy  lulling 
flic  eleiuge  ever  n  (mi'luil  nf  I  line,  If  II  U  iinhumumI  Hint 
I  Ilf  (illnl'w  only  euntui'l  tilth  V  li<<  liil'gel  In  vlmml,  him  I 
line  nf  UiIm  IiiIuiiiiiiI  lull  U  iniulc  I  tv  holding  M  sight 
lllllMIII  llld  llllgl'l,  ll  In  Hl'l'll  I lllll  till'  "ll(lll  IIUlHl  III' (III 
Hmlill'gefdlll'lltg  It  dellullc  |)I'I’I(mI  nf  I  lute  ll  klimiiniHe 
lend  in  In  lie  deti'iiulimd 

Minim  n  sight  Him  mniiul  lm  held  pi'i'fcclly  cm  Hie 
Inrget,  tlm  mil'  nf'  mol  Inn  uf  llm  sight  Him*  nl  11  given 
iiiuimml  In  iipi  tu  In*  ipille  illffereiil  friim  Him  uugitliir 
I'Hft'  nf  flu*  Inrget  dlreetlmi  ill  Unit  mnnmut.  Ili'iiim 
llm  sight  linti  will  have  In  Im  held  on  tlm  Inrget  lung 


enough  mi  llnil  Nome  klmi  nf  nvernge  sight  lulu  will 
lie  near  < lie  iiullinl  liil'gel  min, 

I  ml  iim  mu  v  llm  kh  ii'iiml  lr  Inn  I  In  In  l»o  ilidCM'lltSttctl 
nlllilii  A  iiill«,  mill  Irtteklng  errors  uf  llm  order  uf !) 
iiiIIn  kiii.v  lie  expected.  Wu  wish  In  Mini  mil  wlmt 
Inner  limit  MiIn  pul m  on  (lie  trucking  Hum.  Mnppime, 
fur  limtitime,  llnil  llm  hit'gel  rule  In  determined  liy 
n not <ii >1  ok  Hie  inrget  direction  ill  two  llistuntm  ft  iimi 
lt.  If  llm  night  Him  In,  sny,  I)  in  lit  off  In  mm  dlreetlmi 
Ml  llm  shirt  mill  li  iiiIIn  off  In  I  Im  ntlmr  illreel  Inn  uf  tint 
mill,  Ilium  In  iim  1'iTnr  uf  ft  mils  uvnr  Hie  Hum  Intervul 
Af  *»  #»  ~  It,  milking  on  error  uf 

bat,  »  ituliui'M  pur  nuuuiiiI 


t’ONl'imWTlAI. 
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fli'1  ilrnmuiHlnn  tlliM  l|,„ 

H""|H".,rrt«|1W|  . . .  l|,0  ItIHtllllt  /,  HI . 

.  -  . . kH'IW  III  will, I  IlINtlttll  tin,  Mid,, 

( I  IiIh  iiHKitmcH  It  IImmI  H|K|,|  Im  I„,|„«  hok)  tin  !!"  lmM  msy 1,1,1 i*'"  Hit*  i'...,i,lm*  ,U1 

»"'•  ■  . . . i„  vw i  ;  r  . .  . . .  <™.v  ii,.'  S', 

-i«i„  Hi,,'  ,v,w  I."!™  . . . .  „ . *  t  L'lt'J,1,"," . . . i«i. 

,l"n'  ll""  h"  wme  mil  mi  mil In  wtiy  „f 

CONI'IDKNTIAI, 


!M  or  HltillTINO  MKUUANINMi  OKIMtiltAh  COMUIHMUTIONM  l.i7 


•tiu'tliiK  Ui«  eiuiipiitid  Ion  lit  npprnxiiniitnly  lli«  I'talit 
moment;  for  nxnmple,  it  mifchi  utiirt  liinethminn 
iim  hiiuFi  im  lliu  miKiilnr  ruin  him Kotlim  below  n  eertuln 
value, 

Prolinhly  ii  Ihkki'iI  value  of  t  in'  lingular  min  1,1  ii  ill 
he  imi'il  mther  Minn  llm  angular  rlnirige  <«v«*i'  the* 
tilin'  token.  Tin'll  momentary  iini'IIIiiIIuiin  of  flit'  xlght 
linn  limy  have  u  Ii'hn  Imriitfnl  I'lTi'i't;  In  it  iiIho  there 
nmy  Im  iliflli'iilty  with  tin*  li’iiimli'iit  term,  If  tlu» 

<  < mi i n 1 1 Ii ik  i«  Htiirti’il  Inn  ni uiii|  tlii'  angular  rnti'  ihto 
to  tlin  right  Uni'  getting  until  tin'  target  will  give  ii 
lidxe  |  ili't  mi<  uf  klui'iimtli'  Inn  I  iiiiIi'hh  trucking  In 
I'liiitliiui'il  long  enough  for  till*  to  i lii*  nut,  In  liny 
mine,  it  In  nitliki’ly  t lint  tln<  klni'iniilic  Icml  •  tin  In' 
i'ii  li'iiln  t  im  I  lii'tti'i'  1 1  in  o  tu  utioiit  !)  ni'  1111111'  iiiIIn  In 
I  M'i'  If  lilt' m line  In  i »vi»r  'J.IMtll  vi I . 

•i.n.n  Siftlit iiifx  Mrot'othiri'H 

Wi'nIiiiI.v  lii'i'i*  tin1  I'i'liil Imi  l»i't wit'ii  wlmi  tin*  eiiiii' 
piper  iii'I'iIm  In  iii'ili'r  to  i'i tin | n 1 1 1>  the  leiiil  nml  wluil 
the  |i||ot  iniiNt  (In  tu  eimhle  tin*  1'iimpiiti'i  in  w ink 
I'urri'ct  ly .  We  niiw  In  the  IiinI  Meet  ion  t  Im  I  tin*  right 
hi i inI  lie  held  mi  tin1  tiii'itet  fni'  Hillin'  nim'imiiIn  if  the 
k  i  1 1 1  ‘  1 1 1 1 1 1 1  < '  leml  In  In  lie  miii|inli'il  Tu  uliliiiii  the 
nmvity  drop  within  fi  iiiIIn,  one  iiiiinI  know  w lint  w 
I'NNent  lolly  In  m'Iki  nitnl  ni  nice  (nee  I'Ikii  re  (ii  to  within 
iihoiit  (flttl  yd,  The  riiiiipuleil  inliie  of  t hin  imhiMe 
limy  or  nmy  not  lie  iiiHtiintnnniiiiH.  The  eonipniiiilon 
of  uttiiek  1 1 1 1 u I e  will  pi'olmhlv  In'  iliiite  iin  ipilekly  iin 
llnil  of  urn  v 1 1  y  ilmp, 

Thnx  It  l«  likely  tlmt  the  pilot'*  pioeedm'i'  will  III* 
elinle  In  ill  II  iim:  h  Night  line  mi  the  lintel  iivh'  n  period 
of  tilin',  mi.V  Nevei'iil  NeeiiielN,  We  now  I'liine  the 
ipieNtliin !  Wluil  In  llie  i'i'liil  lull  of  t  liirt  peiiml  o|  time 
to  the  minneiil  of  tiling  the  rocket',1  If  n  tiling  eoin»e 
|«  to  lie  followed,  n n  III  (III  of  the  IiinI  xertiuli,  then 
the  nioineiit  of  thing  Hex  nili'wlicrc  ihltiug  the  linrk- 
lug  lluie,  lifter  the  (Iin)  few  xeroinlN.  TIiIh  niggerlx 
tlmt  the  eonipiilnllon  of  leml  xlmiilil  lie  tnkiiiK  pliire 
lit  the  Milne  time  Hint  thi»  leml  In  being  employed  to 
tiling  the  plniie  Into  the  eonei'l  poNltloli  lienee,  If 
the  motion  of  (lie  pin l ie  In  lt«elf  being  emploveil  In 
the  I'limpntntlon  of  leml,  there  In  ii  chi'uiiir  pi'mcrxi 
eoiii|iutiitlon  of  leml  iiITccIm  motion  of  the  plnne  w  hit'll 
nlTeetN  eompiitiition  of  leml,  T’liin  nmy  leml  to  1  nick 
Inn  limtnlilllly,  in1  nl  Ii'iinI,  ii  idowing  iIowii  of  the 
eoinpiitnlloii  (nee  the  next  m'rtloli), 

In  the  doHlgli  of  u  I'ompuli'i',  niii'Ii  rlmilng  iIuwii 
till  ml  lie  avoided  iin  fur  iin  (mimhII  ilit.  The  prohleni  inuy 
he  nvolileil  hy  nut  letting  the  I'ompUtnlloU  proi'i'HH 


nfTeel,  the  right  line,  for  example,  li.v  computing  l-lin 
propel’  leml  while  u  llxed  right  In  held  oil  tlm  (ergot, 
In  thlx  eiiNc  eiliier  (it)  mm  murt  nriive  nt,  the  correct 
tiling  poNitlon  nl  Hiiine  niomenl  dining  the  proenHN,  nt 
wlileli  1 1  n  mu'll  I  the  pilot  miiNl  lie  told  to  life  nr  tiling 
In  mitoiiintle,  or  oIhc  (h)  the  pilot  finiMt  tiling  tlm 
pintle  Into  firing;  ponIMoii  nlier  tlm  iMitiipntiiflini  of 
leml  In  neeoinpIlNlieil, 

\\fi*  give  Nome  example*  of  Imvv  (n)  or  (id  nlmvo 
nmy  he  ni'eoinpIlNlieil,  Hii|ipo*o,  nt  the  wtni't  uf  truck¬ 
ing,  the  llxeil  right  Iiiin  ii  lend  which  In  Ninnewhut  Ii*nh 
t  Im  it  tlmt  reiiulred  for  lii'lnu  nl  the  immient,  An  tlm 
pilot  iippinmiic*  the  turret,  the  eori'ei't  lend  ill- 
iiili\j*hi‘*;  the  eum|iiitcr  In  milking  out  thlx  lend: 
nt  the  mumeiit  it  dei'IdeH  tlmt  the  ilerlri'il  leml 
eipliilN  tlmt  wlileli  the  right  Iiiin,  It  llri'N  the  roltitd 
mitonnitlenlly 

Then1  lire  elenrly  wiine  i IIinhiI villi t In  thlx  pro- 
eedme  Tin  Ntnii  lug  I'oinlltloliN  iiiiinI  lie  ii  mi  line,  I  In 
Nome  findiliiii  no  tlmt  the  Used  lend  will  come  ulioilt 
where  the  |>ili it  expeeln;  either  he  iniint  he  nhle  to 
nrrnugc  I"  Imve  llm  tiling  pONltlnn  (nml  lienee  ihe 
n  mu  unit  of  l  lie  llxeil  lend)  nhoiit  where  lie  ili'xiii'H  II, 
or  lie  iiiiinI  lie  nhle  to  know  lie  |n  Nlmillig  heyonil  h Ik 
thing  position  IlnvitiK  oiiee  Mtnrteii,  lie  mny  not 
know  how  loott  he  will  hove  to  wnit,  nod  he  mny 
lietdo  to  fenr  tlmt  lie  Ntniied  ton  iioNi«,  iiiiIi'nn  llm 
eompoler  IcIIn  him  nthei'ivixe  In  Nome  I'hnIiIiiii. 

Thi'Ne  < lillli'iill  ii'H  mlglii  lie  Noinew  lint  iillevinted  h> 
let i hiy  the  lend  lie  vmiiihle,  tor  exnmple,  letting  It 
Ntnrl  nl  xero  or  n  iicgnl  Ivc  ipintitlly,  mid  gi'iulunlly 
ioei'eiiNe.  Then  the  pilot  will  lie  Nine  thill  the  proper 
lend  will  he  icmiicd  hefnri’  h him.  Moreover,  It  will 
tnke  longer,  nml  1  Iiiin  the  eompnter  will  Imve  more 
time  to  liinetloii  properly,  nl  the  longer  rnnger 
(where  more  lend  In  ret  pi  I  led),  wlileli  In  ileNlrnlile, 
iHee  Heetloli  till  t  I 

III  i'n xe  (Ii),  one  would  like  the  proeeilnre  of  Inilig- 
Inn  tlm  plnne  Into  pud  I  Inn  mid  liiiug  to  he  milomntle, 
Th In  eu ii  lie  nei'oiiipIlNlied  liv  (eMn'iif/,1"  M  wlileli  Iiiin 
the  mhled  mlv  iintugc  of  mini  lining  the  innneiiver 
with  i  lie  proeeNN  of  nett  inn  nvviiy.  The  proeediire  In 
liiief  In  iin  follow x,  When  the  pilot  him  I  nicked  for 
Nome  ni'I'oiiiIn,  lie  preNNim  n  luiltun,  wlileli  Nlopx  Ihe 
eoinpiitiiihni  of  lend  nml  nIiiiIn  the  (iinn  mi'i'l ml iIkii i 
limel IoiiImm.  The  pile!  now  pnllx  the  in ihi>  uf  the  plinm 
up,  The  nuglc  A0,  thruiigh  wlileli  the  IllglP  pntli  iiiiinI 
turn,  Inning  heeii  detenulned,  the  IiinI innieiit  now 
mi'iiNOi’i'N  the  norimil  uem'lei'iitlon  I'tji  (or  peiimpxf/  noM 
A  r«k),  lnt t'Ki'ii t i<m  llik  to  uliliiiii  t'AiMml  rclcn*c*  the 
I'oeket  when  Ai/> Iiiin  reiinlmd  tlm ih'xlred  viihm,IM  iW*'  ** 


(’ONI'IDKNTI.M* 


j:w 


FIHK  HOMTIIOIf  Mill  AIHIIOIINK  HOCKim 


*.8.6  OjM'niilnM  Stability 

The  nlnivo  tllMi'iiMHinn  nIiuiiIiI  Iu<  sufficient  In  *liow 
llml  Mr  manner  of  ramputing  trail  in  twit  op  with  thv 
pilot*  n  operating  prumlnre,  min'  thv  Mem// 11/  thv  void - 
pulvr  miwt  I jo  along  with  Me  operating  promt  ore, 

Thus  when  I lm  deniaii  «f  1 1n*  nieeliiiul*in  haw  I nn«n 
» li'ti'i'ini mil)  If  In  tieee*Hiiry  in  um|n<  n  direful  iiiiiiI,vhIk 
ul’  llm  wny  tln>  mi'i'liiitilMiii  will  perforin  itiitl«<i-  m  l  uni 
eutnllllniiM,  In  |)in‘t ii>n Inr,  nuy  iiimvnnimftH  In  llm  Itt- 
piitn,  line  In  n  vttrlnl.v  nf  mimeM  niieli  iik  Ininif ly  iilr, 
IIIIIkI  lie  euunlilereil, 

III  I  IiIh  weellun,  w  e  e>l  m  1 1  ul  m!y  only  l  lie  likely  elTeel 
ul'  iiupnrfert  Irnckiiin  nn  llm  i'i mi | u 1 1 n I  Inn  nf  leml 
nml  llm  i'i'hiiIiIiik  lenileiiey  In  iiixlnliillly,  Thin*  we 
i’iiiikIiIi'I'  Imre  niily  cITccIk  rcKiilf  ilia  IVnin  In  In'  iniiuihir 
mlii*:  ll’  llm  ineelinnlrtni  ii|iernlei*  Independently  nl' 
niiKiilnr  rnlen,  llmre  will  lie  nn  ImekiiiK  liiHtnhillly. 

( ,\  in  it  lii'i  nsuiuplc  nf'  likely  liiMlnliillly  Ik  llml  line  In 
llm  n*e  nl'  mi  iieeelei'tMimli'i',1*  1C  I  lie  IiihI riiineiil  M 
very  Keintillve  In  iieeelei'iilinm*  til n I  net*  nn  llm  mgli! 
line  Keiilly,  the  iii'enlei'iiliniiM  •  Ine  In  I itiliif <y  nil' 
iniKhl  eii n»e  tim  kIuIU  line  In  wnver  mi  llml  II  emiiint 
lie  Imli I  nn  llm  Imiki'I  ) 

<  *■  iiimIi  ler  I  In*  eniii|iiilnl  Inn  nl'  kliieninlle  leml,  pre- 
"iimnlily  Iniwil  nn  llm  iiiikoIiii'  rule  nf  llm  |ihnm,  m  nl 
li'il*l  nf  llm  mIkIiI  line,  Tn  nee  llm  elTeel  nf  the  |'u|ho 
niiunhir  rule  |ii'< nltii'fii  liy  «ellinn  mi  llm  liii'Kel,  lei 
iik  hike  ii  niiiimrlenl  e\iini|ile,  SuppiMU,  In  nnler  In 
Wit  I  I'll  I  lie  liii'Kel  III'I'II,  I  lm  |l  I  I'll  nl  ill'll*  liy  ilivIlIK  A"  I*  in 
deeply,  Iml  dm  «ny  lie  I  liken  I  A  nee  In  |inll  i||i  llm  A0 
In  net  mi  Inrael,  The  iiverimn  niiHiilnr  rule  I*  I  lien 
(A“  A7.H"),  I  A  rinllnm*  |ier  nee  »  AS  iiiiIk  per  nee, 
If  the  inline  |k  I2,AlMI  yi|,  iIiIk  kIvi'k  n  hvp"llmlh'id 
llii'nel  velnelly 

IV  kIii  if  •*  i ,  |  |A  yil  |ier  Kee 


(Men  Heel Imi  II  A  ll,  fur  wlileli  llm  |irn|ier  kineinnl le 
leml  would  lm  in  llm  nni|{lihurhiiud  ul' 


I',  Kill  ff 

Allll 


-Mill  iiiIIk, 


wlileli  |k  I'nr  lievninl  renllly  If  IliU  lend  were  m  tiiiilly 
fell  lulu  file  kIkIiI  Him,  I  lie  |iilnt  would  Imve  In  |itiil  li|i 
IHHI  mill*  —  III, A",  If  lie  did  nn,  mid  *loppnd  I liern, 
llm  eiiiii|iiiler  would  now  decide  ( lm l  uu  lend  win* 
l'iii|lilri'il,  ulid  tin  |illul  would  nlurf  pullliiK  llm  iiukii 
down  iiKiiiii,  full  I  Iiik  In  u  I'll  Inn  iiliKiiliir  title  In  llm 
n|i|)im!le  direct  Inn ;  rlcurly  llm  m|!  inti  Inn  In  ininliililr, 
If  llm  pilot  were  nearly  on  the  Inrael,  titn I  Ktnrted 
pulling  H|*  Mo’  HI  l  ie  hit  imrenniti'y  In  an!  uu,  mid  If 
♦  lie  eniiipiifur  worked  mpldly,  ll  wniilil  id  uuee  tleehlo 


llml  enimjihimhln  lend  win*  iwpiliwl  and  make  him 
pull  up  a  Ini,  iimiiw.  Tim  wiitm  inttf, ability  Ik  iiriwtil,, 
Tim  iikiiiiI  way  iiriuiiiil  Mi  In  difficulty  In  Co  have 
llm  eumpiiler  n*e  it  Inuaed  viilne  nf  Urn  miikiiIhi*  ride 
In  euiii|iule  kllieuiitlle  leinl|  Kee  Henllnn  fl.ll.H,  Hy 
proper  eliuli'e  nf  llm  enliKlniilK,  l  lm  prueeKK  Ih  rendered 
perfectly  Mlulile;  llm  prliiutry  reiuithihiK  dlflleiilty  l« 
llm kIowiickk  nf  the  I'uniptiliiilnii,  A  limp  mi  llm  «pimd 
nf  eniiipnl ,'d inn  win*  derived  In  Heeiluu  ll.fi,  I;  inukina 
llm  IrnekiiiK  prueeKK  nlable  limy  kIiiw  (lie  eum|iiila- 
tinn  furl  her, 

The  nhuve  dlKCiiMMiuti  illliKl ruleM  kuiiii’  |iukhII)Ii' 
eniiKi'K  ul'  iiiKliihillly ;  llm  whole  |iruhlein  Iiiik  In  lie 
kI lulled  fur  tiny  nlveit  euiitpuler, 

't.8.7  <M*iu*r«l  Summitry  t  Tli<» 

SrHrrli  for  n  SaiUftielory 
Oom|Hii(*r 

The  di'Miaimi'  nf  tin  iiirernl'l  nickel  nlithl  Ik  eou- 
t'n  in  led  w  1 1 1 1  eiturinuiiK  dillieiill  Ii'k,  in  lit’lefl 

I.  The  enrreel imiK  llml  Hire  In  lie  iiiude  fur  I  lie 
vnriniiK  .{iniulil ii'H  nre  dillieiill  In  del en u ine,  pur- 

lleiiliii'ly  I'nr  n  Halil  rr  pintle  with  . . pernttir  ullmr 

lliiui  llm  pllul 

ii,  \KHitiuiiiK  eerliiln  enrreel Iuiik  nre  In  iie  ninile, 

It  Ik  very  lull'd  fur  llm  pllnl  in  u  iimeliitliiKiii  tn  know 
wliel her  limy  me  Imlua  iiiude  prn|ieriy,  prhiutrlly 
Kiime  llm  direelhin  In  wlileli  it  Hu  nlulilllictl  rocket 
kIii  rl  k  mil  I  k  h  pi  in  in  I  inn  1 1  >ly  the  lllyhl  direelluii  relti- 
llve  in  llm  MiirrniiiiililiK  uit  iiiiikk,  mi  clunlve  vurliilile. 

if  HiiIvIiik  pnihleiiiK  nf  kiii'Ii  dillieiill v  Ik  likely  In 
Involve  ei nut lih'ii I ei |  liieehiililKiiiK  uud  eiiinplieiiteil 
pineeduri'K;  lull  ll  iK  ckki'IiIIiiI  Hull  nl  Ii'iikI  llienper* 
idliiu  prneednre  he  kepi  mk  Kiniple  in*  piiMKlhie, 

How  kIiiiiiIi  I  mm  til  luck  (lie  pruhletn  nf  i  IcmIuii  I  iik 
ii  Mirth  I "  i  fite  limy  iillcuipt  Kiiniel  lilua  I'ulrly  Klunihird 
In  principle,  nr  utie  n in >  lev  Kiiniellihitf  which  Ik 
I'KKetillidlv  new,  \n  Inveiilur  who  Iii'Iiiuk  in  llm 
priihiein  II  deep  liiniuhl  nr  u  rcnlly  novel  n|iprinieh 
en  ill  ii  il  lie  Kl'ently  helped  liy  tulviee,  If  lie  Ik  ii  pllnl, 
he  limy  Iii>kI  iiuike  hitiiHflf  IIiiii'iii,kIiI\  In  it  i  i  lin  r  wlllt 
the  priihiein  liy  llriiin  nickel k  It i ittMt >1  f ,  hel'iire  lie 
I'nriiiiiiuli’M  IiIk  hleiiN,  Ifni  when  IdeiiK  for  it  Kiihilinii 
mi'  uuee  fiiriiuilntcd,  I  hen  ii  nl  inly  of  the  mud  I  in- 
purlnul  I'liimlderiilluiiK  Ik  In  nnler,  ll  Ik  ul  HiIk  mid 
inlet'  KliiKi'N  of  the  prohleiit  llml  the  work  of  AMI* 
may  prove  nf  future  Kervlcc,  ll  kIiuiiIiI  Imip  llml 
i hi i InmIi him  Iii  llm  llmnry,  help  relnlc  llm  Mteury  In 
known  limui'h'H,  uud  help  remind  the  lieMlfjimr  what, 
HiIiikk  Iii  svtdi'h  I'nr. 


CON  IMI  MONTI  A  I, 


_ _ 


THIS  OBtflUN  OB  A  NIOIITINO  MBCII AMXM 


The  fundamental  < Inn  i IiiiI  immt  lie  kept  in 
mine)  iilmiil  iv  gadget  In,  fin iv  ii'ill  it  work  whim  mimlli/ 
j) at  to  iiHi’f  TIiIm  nmwl  lie  Mtudlrd  t ImiI'i mmlily  Imek  in 
flieihwlgn  Hinge,  particularly  III  the  pieacnt  prniileiM, 
where  u  pilot,  with  IiIm  life  In  danger,  I  him  to  think  of 
n  myrhnl  of  filing*  In  n  few  HennalM  if  lie  iw  to  ueemu- 
pliHlv  IiIn  iii InhIoii  mill  eome  Imek  nil s  e, 

«,r.  Till:  IIKMIfJN  OI-’  A  SIOIIIIM, 

MW, 1 1  VMSM 

Tliei|iiniilllleM  tlinl  appear  in  the  lend  f<  Ml  nil  In  ( I M ) 
lire  determined  hv  I  lie  vmIiiom  of  eerlidn  other  ip  inn  1 1- 
lien,  ii m  |m  implied  l»,v  the  foriinilim  Hint  we  have 
written  The  following  lidde  given  mi  indlenltoii  of 
(IiIm  dependenee. 


We  have  not  IIhIoiI  angle  of  attack  e  iim  ini  Input. 
While  It.  |«  trim  Mini  If  limy  lieeoiue  pommIIiIo  In  iiiwim* 
ore  I  lie  nim'ii/t’n  angle  of  ullnek  directly  (liy  difTer- 
eiillul  prcMMiire  metlmdM,  for  example),  niieh  u 
rneiiMiireineiif  would  nppeur  lo  otter  no  advantage 
over  U  compulation  of  the  rucknt'*  angle  of  iiffnnk 
from  foriinilu  (5),  with  0  token  iim  item.  Oliwerve  that 
It  Im  the  mkvi'n  tingle  of  attack  llnit  Im  pertinent, 
I’loperly  calibrating  iv  meiiMiirliig  device  np|mnrw  iim 
dllllenll  iim  determining  the  correct.  coIImIiiiiIm  for 
foriinilu  (/)), 

A  i IIhi'iimmIi ii i  Iimm  been  given  11  of  the  potent InlltlcM 
of  certain  devlecM  for  nieaHinlng  nil  It  tide,  iodlenled 
nliMpeed,  time  IntemilM,  rinhir  range,  nltlinde  of 
Inimchliig  nlrernfl  (from  n  gyro),  angular  rut  on  (from 
g,\  com),  anglenot'  nit  nek  olid  Mkld,  linen  r  iiceclcriif  Ioiim, 


1  iliii’l  Imii 

A  ,  Kinvliy  it i'm| i 


It 


/,  liMilieiilliK  fuel  nr 

Y 

it,  inigl,'  iif  nllni'k 


e,  mIm  i>,  Iiiiumi  vi'liii’llv  nrn if*  llni'  nf 
fllldll  III  I  III'  VCtllcnl  lltilMe. 
t  average  rni'lo'l  . . I, 


V  Ml  lilt  tie*  mi  M  till'll  II 
i|i'|ii'liil>  el  II  li’n  1 1  \ 

It,  range  (min  tiiiini-liiMH  1 1>  ,i  ii  i  in  |  ii  it  I- 
iimi  uf  Hiiiti  i  iii  ini|iiii'i 

l\  III  I  me  fniln  Imnii'llllIM  pullil  In  ,  II  I-<1  • 
Hun  uf  I  n  I  if 1 0  nl  II  i  t  iik  ill'll  mil . 

II 

I’, 

c, 

A,  angle  uf  ili>|io«'luii  nf  i  In  i  ii  in  line. 


\  ii  i  In  I  mi  which  II 
ili'peiiil*  leei  crtl  lenity 

>,  nligle  uf  i ti*| ii I'nxli ill  iif  effect Ivc 
liililli'lier  line. 
iim  n  «|ieei| 

7,  |  hi  i|  ,e|  In  nl  l  ell  i|  icnil  i  ire. 
a,  Iiiiule  nf  i|e|ili<Miiluli  nf  nIkIiI  lllin. 
i',  I',  nil lu  iif  enemy  Npci'd  In  Hvcnign 
luekel  f|ieeil 

i‘u  Imlleiileil  u« n  »|ieei|  T 
h,  nil  Unite, 
h 

i' 

0,  rule  uf  Hire  nf  (llgln  (in I  Ii  In  vei  l  lent 
(•In  ni<. 


TIiIm  till  iif  refei'M  only  to  one  ii«peel  of  the  aiming 
plot  item  the  eompiuieol  of  lend  In  the  plnne  of  mvih- 
metry  of  the  htmehlng  nlrernfl,  iiMMinning  iio'kld  or 
I  Mink .  ( 1 1*  I  Mink  ft  were  preMonl,  It  would  lie  neecMMiiry 
lo  rcplnt’o  ii  liy  a  com  (i  In  Ihe  lornmln  for  ,»  mid  to 
replnee  A„  liy  Au  com  ,"t  i  The  lend  In  I  lie  w  Inn  plane  of 
tin'  nlrernfl  mImmiIiI  lie  eoiiMldcrcd,  It  depend'  criti¬ 
cally  mi  the  h)< Id  nod  lunik 

We  N<e  from  the  t nl ile  tlmt  n  computer  eonld  pro- 
iltM'e  ihe  lend  A  in  the  plnne  oi  nymmelry  if  It  laid 
I'MlIllllltl'M  of 

r,  e,  mIii  ir,  (i,  fii 
V,  h  or  e,  i r,  0, 

(In  determining  A,,  the  angle  y  tuny  lie  replneed  liy 
(S  )  The  fuel  tlmt  IIicmc  vnrhvbli'M  are  Midlleh'iit  iIocm 
imf  Imply  that  a  machine  miiimI  iimc  them  explicitly, 


iiiignlnr  aeeelernl Ioiim,  weight  of  aircraft,  and  pro- 
pellnlil  lempernlnie  I'here  Im  a  dineiiMnlon  a  Ini  i,  lor 
example,  ol  the  delerinlinil Ion  of  rmi|te  from  nltlinde 
dilfereiiei  mill  dive  angle  (A,  y,  0,  or  a),  dive  miftlc 
from  iiornai!  . . lerallon,  the  correct  Ion  of  an  accel¬ 

erometer  for  nllnck  anvtle,  dive  angle  from  a  forward 
accelerometer,  dive  liable  loan  die  rate  of  dcetcHMo 
of  altitude,  rmige  from  mivtular  rat  cm,  attack  angle 
from  ali'pced  and  dive  angle, 

a, a, i  I*im| i mill i'h  of  Hit iihI Ion  i»> 

Pilot  —  Firing  for 

liiforiiialioit 

The  pilot,  while  Hying,  may  make  vnrloiiM  eat  l« 
mateM  of  varlahh'M  affecting  the  nlghtlng  prohlem;  he 
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mny  put  I <ih  <<Ht 1 11m  1  i  h  lulu  it  i'um|iiitt<r,  to*  lie  mii,v  l t,v 
hi  II, v  mu  I  Suit  diimn  vniiulihw  hike  mi  |iri'Hi<rliii'<l 
vkJiikh,  I'kiunpIt'M  11I'  hiii'Ii  viii'lnltlcm  lire:  illvu  nuRle, 
inline  tu  Ihe  linnet,  expecleil  hIix|i<mmI,  oio^ttll tolit 
iiml  ilii'di'llnti  nl'  wltnl  iiml  hintet  mot  lull,  (iitilrlv- 
iilict'H  mity  Ihi  lined  In  Imlp  him  In  IiIh  «>hI Into li*n.  I'm' 
exnmple,  If  llm  Iiii'kcI  In  nl'  kiiuivii  (IlmetmluiiH,  In* 
limy  npnii  llit<  IiiircI  with  it  reticle  nl’  viirinlil!<  nine; 

I  In*  i'i*t li'ln  clue  tin'll  ili'li'i  niiui'H  I  In*  riniRi',  If  1  In'  f till >< 
llli'H  li'Vcl  mill  ill  i'IrIiI  iiiirIi'm  In  tin*  direrllidi  In  tin* 
lin'Ki't ,  mnl  lipH  IiIm  whig  in i*i‘ hii  Iiml  it  llt'HjiiNl  lii'lmv 
llin  luiRi'l,  in*  mny  take  IiIh  angle  nl'  hunk  iih  tin* 
illvu  iiuglc  tu  tin1  lui'get  til  liu  tt ( 11  *h  ill  niiri'  hit  1 1  llm 
illvc),  mill  rend  I  IiIh  iiuglc  limn  tin*  gyre  limlxmi. 
Or  again,  If  In*  llli'H  level  ulliiniii  hanking  until  llm 
target  in  vUllilu  jiint  11  iiuii  1 1  uf  Muttii*  pniul  nl'  I  hi*  wing, 

I  IiIh  pnlnl  1  li*l<*riu  in<*H  llm  <li\<*  angle  In  llm  Ini'gct. 

hiring  i'ti  1110  in  in  it  mi  *  1 1 1 1 11  *  mill*  ill  tin*  liirgel,  m* 
tilling  11  Him  running  up  In  tin*  tni'uut,  limiiHlii'H  1 1  u* 
pilul  with  liifniidiilliiM  dlii'  li  fun  I m*  Imlpl'iil  In  iilm 
Inu  i'i ir'ki-l h.  <li  iiu.ii in ,  wiilcliing  d  here  tin*  Iii'hIi 
rocket  h  lii  in  I ,  I  lm  pilot  <  n  u>  nl  Inin  |il  in  correct  liin  niiii 
mm i  1 1 1  Inli'i'  rni'ki'lH  In  tlii*  regard,  11  nlninlil  lm  noted 
I  lot  I  tin*  plnim  dill  lm  <mni'U  hull  nay  In  tlm  tnrgel 
Iml'ni'c  nick  1  *U  with  n  1*4 0 r«*4*t «-< I  iiiui  may  lm  ti  1 4*1 1, 
iiml  1  lie  i'i  mi  lit  h  iiih  (rnnge,  whuli  niiii  limn  he  enn- 
h|i|i 'in hi, \  dilti'i'i'iil  liniM  wliui  limy  were  hil'ore; 
till  ll'l'i  iM'I’l',  till*  plh  il  dill  lull  kllild  Ml  1 0 1 1  till'  IIIIIHI*  nf 

I  lm  iiiIhh  mm  k h,  mnl  tlm  i'i'i |ii(i i*i I  i'iiiti'i'I  inn  1  li'| »i‘iii |h  mi 
till*  I'MIIHI*  Ilf  till*  iiiIhh, 

llv  II  I ll'l  1(11*1'  llppi'lllll'll  till*  pilul  I l>ll M  hi*  Iililc  tu 
miiku  llm  iixlumtli  loin  I  hiiiiiII  nr  ttern, 

If  llm  target  I*  llwil  relative  in  t lit* cii  1-1  li  mnl  If  dm 
wlltli  M’l 'll H*l I M  in  kill'd  II,  till*  llll'gl't  vi'lui'lt  v  i*  limit 

kliud  n 

Unit*  of  Holiilltut  0  ol'  Sljucli I  l.lno 

Wi*  i’i  till  lm  m*  In  hIiiiIi  lliu  pi'ulilcin  in  11  vi'i'llciil 

I I  In  1  in.  Tlm  niiKUini'  ruin  uf  ruin  I  inn 

iht 

<*>  *»  if  ** 

ill 

uf  llm  hIrIiI  Him  Ih  very  likely  In  in*  uim  uf  I  im  ipuiMl- 
I IcH Invnlvi'il  In  I'ulili'c hIrIiIh,  |l  Ih  clear  from  ligurcl! 
Iiml 

I'  hIii  In  l/ll  “  I',  Hill  It 

u  m  ft  me  1 

r 

llm  lli'Ht  Ii'i'in  tiring  llm  fiilit i'll Ittt h Ml  uf  uim  upccil, 
llm  hi'I'iiiiiI,  Hull,  uf  large I  noil  Inn.  Nmv 

n  —  i/i  •*  X  —  it, 


Klill  lit:  II.  I'iKIO'l*  f*)l'  i'iilll|lllllllK  I . I  III  tl'i'IHH  nf 

niiRiiliii  min  nf  i*ii(iill4iii  nf  *IkIiI  Him*. 


1*1*1*  rigure  II).  Till*  Ih  u  Hdiull  uttgli*  j  ivn  repined  il* 
1*1(10  I IV  II*  I'll  1 1  il  I  il  KII'IIHIII'I',  Tllllw 

10  •«  cfA  it)  —  hIii  n,  ( I  t) 

Till*  ti'lni  lull  timy  lm  uni'll  iv  1 1  li  i*<  |iml  Inn  (h't)  In 
oli  1  nliiii  t.i*  I*,  hIii  u,  r  nr  u.  Ivlitn  ilia  dug  .**,,  hIii  it  given; 

/I*  -  /*  I’  i* 

A  -  ,  u  I  , .  A(,  -  it  ,  ( IA) 

I  c  i  —  o  I  -  ti 

We  pill 

,  r  1  ’  i* 

/'«*•..  •  fin) 

1  e 

Till*  1  (toiiit It y  I*  non r  unity,  Hliiee 


iihli'li  1*  iii'ii r  m*i'u.  We  iville 

I  ii  -  I  -  (•:  (17) 

IIiiih  I'*  Ih  (lie  average  Hpeeil  uf  I  lie  nieki'l  relnllve  In 
il*  Iniiimliluu  itli'iTiifl . 

Thu*  ei  |  mi  I  Ii  11 1  1 1  A)  hi'i'unii'H 

A  —  /in  -)•  A„  —  ii  ,  (IN) 

1  11  I  n 

Tlm  I'uellli’lenl  li  Ih  Riven  h.v  i'i  pint  lull  (111)  mnl  Im 
eh  ihi*  In  unity 

’Mi.'l  CoilllUltlOK  SljUtlll  MV  lilt’ll 
I'mlli  l*  liill  Imiitl  lii 

\(ti'{j|iij{  jMiuiii 

The  iiieehmilHiu  lit  lie  iIchitIIh'iI  Ih  uf  llm  Hume  hi ni 
iih  die  Army  Dm  per- Dm*  In  nlglil  mnl  llm  Nnvy 
I’l'HH,4  11  lieu  ell  her  Ih  Iikci!  fur  ruekel*, 

We  hIiiiII  HiippiiHc  llnil  cii ou*1  >'  "III  he  mi'iiHiireil  hy 
n  riiihir  iiiii'IiiiiiIhiii  Mini  will  he  ttvnllnhli'  fur  the  com* 
|iuto  1  It  111 ,  Willi  I'Hilmuli'H  ui*  nppntxlmuie  iiieiiwim- 
uient h  uf  (live  unglu,  prupellutil  U'liipmitiuv,  ami 
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uwfi  Hpt'iul,  the  knowledge  nf  mngc  r  |>«*i'tnit h  ii  untlrt- 
I'liclni'y  ineehmiimitinn  in  produce  t ltd K*'i»vit(v tlrnp  As, 
Till'  imgln  nf  iiltiM’k  «  rim  be  eninpuled  ineehiiuh 
I'ully  from  it  menMiiroineiit  or  entlmnte  nf  ludimted 
own  npeeil  nml  dive  angle,  The  npeedn  I’  mid  I'#  urn 

. . I  by  own  npeed  c  In  it  I  limn  r  r<<lnl  Immltlp. 

Thun,  In  principle, all  the qimnlitliw  In  iM|imt imi  (IK), 
except  »,  euli  lie  euimldeml  neeennllile,  However,  it 
ineehiiiiUni  for  euiiipilting  nil  the  i|iiiinHtlen  tlint  we 
Inive  here  iIIhoi tx^ei j  ncem'iling  to  the  eipmUmm  wh  en 
would  he  overeninpllenteil.  In  prnet lee,  n venire  vnl 
Hen  Would  lie  lined  lent  end  of  eertnln  viirhihlen,  mid 
engineering  cninprumlnen  would  be  iipproprliite.81' 


To  itminure  <f,  u  gyro  eoiild  he  nminited  with  uxl* 
bdwnyn  In  the  plmie  of  nviumetry  of  the  idrernlt )  til 
nil  tingle  t )  below  l  lie  horUonlid  \n  In  i  lie  iimiiil  rule 
night ,  the  gyro,  night  Hue,  mid  dull  no  line  lire  emipled 
no  1 1  111  l 

t)  ~  if  I  t'A  1 1  |  e)ir  rA,  I  IP) 


w  here  e  In  n  punitive  eoonu  'll  (often  enlii'd  n),  The 
gyro  In  iiinile  to  preeenn  lownrd  mi  ei|iilllhrliiiu  ponl 
l Ion  w  Idi  1 1  In  nl  no  ntijjle (i  below  the  dntiim  Hue,  Ml  n 
rule  proportlnnill  to  the  iiligiilur  dlnphieenieut ; 

i)  A(A  4*  ft  ~  if)  "*  Alt  f  fi  ~  «  i'M 

-  A' Ui  (r  I  I  )M,  (’ill) 


where  A  |h  ii  punitive  I'niinlnM,  Now  dlreet  mt  1 1  imI  it  ill  Ion 
nlmwn  I  lint  to  |i  in  t  it  hi  (iftlj  rediiron  to  ei|iintion  (IN), 
If  A'  end  ft  Imve  I  lie  follow  lug  Viihien : 


k 


I’n 

(n  +  Dr 


(e  f  I) 


cm 


All  the  i|imiititl«N  lined  In  ilellning  A'  mid  ft  limy  be 
eoimhlereil  known,  exeept  A,  One  inuy  line  uu  miliel- 


pitted  a  vertigo  vidne  of  A,  If  one  pnfn  A  «  0  itt  tlm 
evpioHNlim  for  ft,  the  K.vro  eipiutlon  (211)  reduces  to 


t’t/A  f  A  »  ha  -f  A„ 
I  H 


I  *  1 

*  ft 


(22) 


where 


r  I 

I '  h  A'fr  +  I ) 


(88) 


In  Hie  nenniVi'ef///  nf  (lie  gyro  nyntein. 

The  tlllTereiillnl  eipintloii  (22)  impilen  tlml  the 
meelmldxiitlon  linn  tile  fnllowlilK  properlien: 

h  A  IK  eneli  Ilintmil  In  niieli  nn  to  iniikf  A  ehinige  III 
the  direel  Ion  wlileli  brings  A  eloner  to  lie1  right  linini 
member  (wlileli  In  llie  true  lend),  the  rule  of  elinnge 
hierennliig  with  the  dlnerepuiiey.  Thin  eim  lie  neen  by 
nob  Ing  eipintloii  (22)  for  A  nnd  olmervlng  Hint  ru  In 
ponllive.  Tlilin  the  nohilloli  will  lie  n  lugged  vnliie  of 
I  he  eoiTeet  lend  (otpmllnii  (2.‘t)). 

2,  The  Irniinieul  In  elhiilunted  lifter  nhonl  2en  nee, 
In  the  I  >rnper-l levin  night,  e  »  0,2;  In  I’CKM, 
v  “  II, 2ft. 

>'i  If  the  night  line  In  nubjoel  to  i lint nrbii lieen,  the 
leniillhig  dinlnrliniiee  In  A  will  not  be  unduly  huge 
compered  to  I  lie  dlnlnrbniiee  in  n  even  llunigli  the 
dintnrlnoiee  In  if  be  Inrge  (nn  It  imiy,  Indeed,  be),*' 
The  optimum  eliolee  of  the  fiiliellonn  u  mill  fi  linn 
I'een  dlneiinned  unwell  nn  the  ori'iim  wlileli  emi  be 
expected  from  mil'll  elmleen  of  n  mill  fi,  under  Idenl 
toiidlllonn. 


'j.c.i  Sl|f  Ii  I  m  NN  hunt'  I'mllcl  Inn 

Neglerl*  Kineiiiiilie  Lend  ill 
NN  huh'  nr  in  1*111*1 

III  I  bin  neetloii  we  mippone  Hint  the  tnl'get  mol  Ion 
relnllve  to  I  he  ulr  iniinn  In  negleeteil  In  the  ennti  of 
I  in  get  n  Used  relnllve  lo  the  enilli,  thin  implies  Hint 
w  ind  In  neglected 

\\  Ill'll  e,  viuilniien  the  <<i  |l  ill  1  loll  (II)  lor  night  rule  a 
become* 

«  *“  (A  —  nd  ,  (21) 

r 

The  ei|iiiitloli  (111)  heeomi'n 

A  **>  ,(n  f  A„,  (2ft) 

if  the  Inuiielihig  I'nelor/  were  unity,  thene  relit! Iiiiin 
would  Imply  Hint  A  -  n  -  Au  nnd 

a  «*  1  A#.  (20) 
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H2 


Nuw  cipiuflnti  (2)  Implies  « lint 

K  **  (-'In  +  .’1 1 1')  turn  0, 

allien/  «■  I  1 1<  1 1 1 II  i'H  1 1  nil  <f>  m  y,  If  wo  take  fur  evaiujde 
<4«  -  0,013,  At  -  D.OOOOIll,  mid  use  i>  «  tills 

gives 


0,0I.3\ 

0.010  4-  ^  Ji'I'iini/i  mils  per  see,  (27) 


"here  i1  In  In  yards  per  i*«h‘«iii< I.  If  e  »  fup  yd  |n>r 
we  -  knots,  <p  -  10°,  r  «  2.IKKI  yd,  then  a  m 
2.0  mils  per  see,  .If  wi'ilmm  or  /nag  miif/cH,  mol  nt  a 
(/n't'ii  i/ice  niij/h ,  tills  shows  f  I  hi  i  „  in  aen/7//  cnonlmil, 

Tills  l‘n«*t  nmy  In*  lined  in  (lie  following  wav,  |Vn 
K.Vl'ii  In  tin'll  ,i  sight  line  lit  (lie  rnte  shown  nhovo, 
Then  if  the  sight  line  Is  held  on  the  liirgel,  „  will  have 
the  idinve  value,  and  lienee  ihe  lead  Inin  the  correct 
value  Note  ihal  (imsuming  /  ■*  It  the  iilfurk  niigle 
need  nnl  he  known,  since  ll  di m*n  tail  occur  In  the 
1 1  a  im i  la ,  I  Inis  I  lit*  met  laid  lines  1  t  argcl  emirdinn  leu," 
and  In  Independent  uf  ulial  ihe  ah'  mass  may  lie 
doing, 

I’liln  met  laid  In  useful  If  hmiilis  are  being  di'ii|i|ied, 
In  wlih'li  ease  /  *<  I  h lid  . I „  **  tl;  lad  In  the  ease  uf 
rockets,  ihe  met  hod  results  In  n  In  r«««  nvereurreeihiii 
nf  klneiniille  lead,  since  «  will  lie  a|i|ireeialil,v  lucor- 
reet  w  hen  target  mot  ion  is  actually  present,  Tills 

overeorreello . aid  lie  taken  care  nf  as  follows 

h'lrsl,  lly  a  laii'snil  ennrse,  hnldinit  a  lived  sight  on  ihe 
lai'Kcl ;  meiisiire  the  aiiKillar  rate;  then  tl.v  the  ennrse 
deserlhed  alsive,  lint  inn kin»  a  eorreellnii  de|ieialent 
nil  ihe  anitnlar  rate  that  was  liiimd 

A*  a  nindilieathai  nf  the  alaive  niclhnd,  nne  eon  Id 
use  a  coupling  nf  the  gyru  Inii'ies  In  the  plane ;  Instead 
nf  the  ei  pin  I  Inn  (27) 


use 


w, 


a  mi  t  h'li. 


(2K) 

This  may  he  ineehanlxed  liy  a  slight  all  era  I  Inn  uf  the 
nsiial  rale  sight.  The  same  essential  features  are 
present  as  la  the  furtiier  ease,  hat.  I  rucking  will  he 
easier, 

I  hie  limy  make  a  sort  uf  euiaiiruuilse  hetween  the 
almve  met  hud  and  that  uf  Meet  lull  (l.il.H  hy  using  the 
rate  sight  uf  Heel  Inn  0,0,  ,’f  with  a  lived  seiislllvlly 
(In  take  earn  uf  klneiniille  lead  tit  mi  average  range), 
and  with  n  fixed  push  Inn  uf  eipillthrhini  uf  the  gyru 
(In  give  nil  average  gravity  drnp),  'I'hls  aeliially  Is 
nntuli  inure  smtccssfnl  than  would  appear  nf  first 


sight,  fur  the  ln| lowing  reason,  At  long  mngfxa,  the 
lend  Is  fun  small;  ufc  smne  lufermedlsfa  mage,  the 
eurreet  lend  will  Imve  decreased  to  the  lead  nelnally 
used,  As  the  mage  decreases  further,  the  angular 
rnte  due  In  the  velocity  nf  the  plane,  given  hy  o(|im- 
tluii  (2(1)  If  e,  *•  0,  /  w  |,  increases  since  r  Is  de- 
e reusing,  The  gyru  lugs  behind,  making  the  sight  lug 
nlsn  (relative  tu  the  plane),  thus  dee  reusing  the  lead 
aelnidly  uhfaliied,  Thu*  the  eurreet  lend  and  flit!  lend 
uhtidued  are  hutli  dcereitslng,  The  uetiial  curve  uf 
lead  uhtidued  may  lie  made  to  III  the  curve  nf  desired 
gravity  drnp  without  very  large  errors,  say  If  the 
range  is  less  lluili  2, AIM)  yd.  At  slmrt  ranges,  file 
nieelmnlsin  Is  apt  to  iivereuiiipnte  greatly  The  dive 
angle  must  he  tuken  rare  uf  separately, 

The  Hrilish  met  hud  uf  using  the  Murk  23  sight  Is 
fireelsely  of  the  sort  Just  deserlhed.  It  has  heen 
studied  in  del  all,  *“  I  >pl  iiiiuiu  set  lings  and  errors  under 
Ideal  eunditlnns  are  discussed, 


*«.  r,.  5 


IVmtiil  us  u  Rocket  Night 


I  lie  sights  considered  thus  fur  have  heen  designed 

for  llrlng  . uses,  euurses  during  which  the  rocket 

• . .  •»'  relensed  at  any  hislnnt,  after  tin . . 

had  settled  down,  The  sight  lUonol  is  uf  a  different 
type;  It  mituniat leiilly  releases  the  rocket  when  ii 
lived  lead,  previously  set  Into  the  sight,  Is  the  eurreet 
lead,  in  Ihe  nhseiice  uf  target  mot  hill.  This  sight  has 
heen  dismissed  In  detail. ""  I'ciinut  Is  iniscil  on  the 
ci|imlioi< 

HM\  -  n) 

A- <*»> 
uhlulued  hy  writing 

\ n  •»  Hu  4  H,r 

•i Jid  eUmimit  lug  and  r  from  eipmtimis  (2 1 )  and  (2A), 
The  ipuiiitllles  ll,,  mid  Hi  are  prupurtluniil  to  cos  y, 

l’4 . . nit h hi  (2),"1  A  lived  \  Is  put  Into  the  iiieelm- 

iilHin,v\  hh,h  then  releases  the  rocket  w  hen  a  stimnthcd 
value  of  it  nssiiuies  Ihe  value  given  hy  eipmlliili  (211), 

•  i>  . . .  nf  ii< >iul us,  /  -  I  ami  ll»  -  I),  sn  Hint 

e(|iiiithni  (20)  reduces  In 

A  »  /he,  (30) 

A  sight  like  I’eaiml  Is  open  In  Hie  ohjeellmt  licit, 
the  pilot  fiiiiiint  lire  when  lie  feels  It  appropriate  tit 
lire,  lie  must,  wall  for  Ihe  release  and  he  nmy  he  uii- 
nhle  lo  Judge  when  Ihe  release  will  come,  In  a  si  rung 
head  wind  the  release  may  he  delayed  iluiigornuHly, 
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Chapter  10 

STUDIES  OF  ANTIAIRCRAFT  EQUIPMENT 


10.1  INTHOIHJCTOHY  HKMAUKM 

IVihion  7  of  tin'  NDIU’,  in  rhnrgc  of  reaenrcli 
mid  (li'Vi‘l(i|imi'ni  in  tin*  wlnilt'  Iti'ld  nf  lire  con- 
trni,  whh  fortunate  in  liming,  Imfli  mi  it h  nun 
torlmloul  idiitT  mill  m*  emplnyeoa  nl  it*  emit  iitcl  him,  u 
conaldertihle  mtti&l m>i*  nf  Indlvldiml*  wlm  were  highly 
i*x|H*rt  mid  exin'iieniTil  In  the  luiitlvilcnl  iikjmm'Ih  of 
lh'(*  eniitrnl,  Time  ii  I*  mil  mill  mu  i  pn  »|M*r  t  lint  tlm 
nolMiulnneed  mid  iirniid  fin lurinti  mi  iintiidi'iTiifl 
t>i|iil|iiiii’iil,  iiii'inding  tin*  linin'  him t lii>i»iii t  leu i  iiMpiH't h, 
win*  cn irii'i I  nut  l»y  I )| %'IhIi hi  7,  n ml  will  Im  finiiid  !•«•- 
purled  In  tltolr  lei'litilnil  fnifmru. 

Tim  Applied  Mutlieiniitli'K  Punolwim,  nevortlieli'M*, 
nuked  fruiii  time  tn  time  tinlii  viiiimei  julm  nf  iiiinlvai* 
referrlng  tn  n  n  tin  ire  m  It  ei|iii|mient.  Ttie  prewenl 
I'tuipter  report*  tlie  AMI’  noth  it  id*  in  till*  Held.  And 
nlnee  the  AMP  iiodvltii’i*  were  i if  u  rnllier  iiHwirted 
mill  eiiteli*iin-enti  Ih'HII  lintliie,  it  Iiiim  neeiiied  do* 
Hll'lilile  In  prefnee  the  chit  fit  er  with  siiiiie  lirief  geiionil 
einnnteiilK  mi  iiiitlitirernft  pmliloitt*  mid  i'(piifiiiM'nt, 
In  Hie  inipc  t im t  llii’KC  gnni'iiil  remark*  \\  ill  fnrnlidi  ii 
biirkgiuiuui  iignliml  wiileii  the  w’pmnto  mid  neee«- 
Mi  lily  Mimewhnt  dlM'iinnecled  wi'tlnm*  nf  thin 
I'lmpter  will  lie  inure  tiiideintiilidiihli' 

A*  fill'  nit  the  wind*  Iliemwivi'K  me  enlieei'lieil,  the 
pliniHi*  '  iiiillnlrei'iifl  lire"  xlmillil  iltelude  nil  lire  di¬ 
rected  iignlied  nirei'iift  Military  uwigo,  Imwever, 
MceniM  tu  rculrlel  thin  pliniM'  tn  lire  directed  ngnlu*t 
nlrei'nll  frnin  gilie*  luentcd  nil  gruimd  nr  *liip,  tin* 
pliniM'  "pliilie-tii-pltine  lire"  being  liliit't*  i  iiiiiliinn  till' 
lire  dlreeted  fl'inn  nne  iiircnift  iig'diiil  niintlier, 

The  prenent  e|iii|iter  follow*  nceepted  imugo,  mid 
1 1  him  refers  tu  ground-to-plmu*  nr  *hlp-b>-plmio  mil  i- 
nirernft  lire,  The  phm*o  "iinllnlreriilt  lire  euiitrni"  Im 
lifted  Interpreted  it**  iiiciiidinw  varlmi*  weopnit*,  Mil'll 
in*  riM'ketn  mill  guided  ml**llo*,  ill  iiddlthin  tu  the 
orthodox  gun*  nf  vminn*  rnllber*,  The  present  eliiip- 
ter,  Imwever,  refers  mily  tn  mitinireriift  (inn*.  It  I* 
eie>tnmm'y  tn  divide  miliidremft  gme*  Into  two  niiiin 
cIuwm'H,  Aiihiimitic  uw/hiii *  iueiildc  iiiucliliie  gnu*  nf 


viiiinim  oidlher*  which  litliixe  lieited  mnmtitiitliin, 
mill  eerl iiin  liirger  gun*  Mich  tin  the  2t)-mm,  mid  the 
Itl-iuiii  linfor*  whleli  ituti iriiiit  ii'itlly  tire  clip*  itf  *hell*. 
Aiilnitnilie  wen  pi  him  iiuruiiilly  lire  miIIiI  *lng*,  nr  pro¬ 
jectile*  with  eiiiitiii'l  furcM,  t mt  they  tin  nut  employ 
project  Ho*  with  I  line  fnxeM,  niir  doe*  It  *i*om  likely 
Hint  tiielr  diitiem.il urn  would  ever  penult  the  iim>  uf 
pnedinity  lu/en.  Major  millin'  ontinirrnifl  gum* 
(MiiiiietiiueM  enlled  hmvu  nutuiirvmft)  Include  the 
viirlniiN  huger  *lwd  gun*  whleli  imiii  Mingle  ulieil*  ul' 
mlllici'M  ,‘t  hr,  A  In  ,  IM)  nun,  etc  ,  tliewe  projectile* 
Hi ii'liiiiiiy  being  linie-liiRi'd. 

Ail  antiaircraft  lire  emit  ml  *y*1om  Involve*  the 
following 

I.  Turgot  > In t n  giitiierliig. 

2  TriiUHini**ioii  nf  llii'M<  t In t n  tu  predletlng  iiteehli- 
ii  Ihih  .* 

Pied  let  inn;  nr  cm  limit  inn  nr  enlciiliillnn  uf  gnu 
ni'dei'iH  ti  e,  piiMltluii  uf  gun  mid  luxe  wiling  if  till*  Im 
Involved). 

I.  Ti'iiiimiiMuu  of  llitwo  gun  order*  tu  gun. 

A.  i tiiciil ut lull  uf  gun  (mid  M'lllng  uf  fuxe,  if  In- 
viilved)  in  nccui'diince  with  thene  gnu  iirdl'l'*,  lilid 
tiring  of  gun. 

In  die  cn w  nf  u  ut rn fed  infmilry  limn,  firing  ut  u 
plmic  with  III*  title,  the  target  dutn  lire  colleeled  l»y 
hi*  eyew,  trulHiiiitted  hy  Id*  licrrmw  *y*tem  tn  ilia 
bruin,  which  cNilimitcn  the  proper  pi  wit  Inn  fur  III* 
gnu  Tide  oMtliiuito  Im  iigulii  IruiiMnitli'd  by  I  he  nerv- 
ohm  i*yi*teiii  In  uiiiMi'li'i*  which  orlenl  the  gun  mid  pro** 
the  trigger,  The  element i*  of  n  eoinplete  the  I'oiltrul 

« in  Hie  otitcr  lermlimlngy  nf  die  Army,  the  preitli'liiig 
mecliiinlMii.  i  inanity  I'uiiUihilng  the  mci'lmnlMii"  fur  nMiiliilng 
iilignlur  liirgel  ibit o  toil  nut  target  range,  wii*  kiinwn  a*  a 
iluri'hr,  lu  die  Niivy,  die  wont  tWrwfnr  mmnllv  refer*  In  tlm 
tni'gi't  diiiii  iiii'I'IiiiuImii,  nml  the  fumlli't i*e  I*  millt'il  n  rnminiln. 
In  miirn  uveal  Army  cifiilimM'iil,  din  target,  (lulu  (IcvIimi  i* 
ridtcit  n  tnirh  r  unit  I  tic  fiii'itietur  ii  imn/mlrr  (n*  In  die  Nnvy). 
Tu  nvnlit  dil«  eniifimliiii  nf  teriie*,  we  will  uw  the  general,  mill 
Inmlly  mleluter|»retnlile,  term  /irrrffrfw  fur  the  ilevlm  which 
iieiinpts  1 1)11X1*1  itiUu  unit  fii'i'illelM  die  future  (hmH tun  uf  die 
target, 
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system  urn  nil  present,  In  it  (hr  system  tr>  nmnoelin- 
niied  mid  wholly  personal  In  diameter, 

In  Mm  intermediate  ease  of  n  lt)-nim  gnn,  ! lit*  target 
dntn  life  obtained  by  two  men  who,  mm  working  In 
elevation  him  I  oim  In  imlnmtli,  "truck"  tlm  target  by 
keeping  the  cross  Imlrm  of  !eh*se<ipcs  aligned  on  It, 
These  trucking  telescopes  lire  nit  Integral  port  of  the 
pi'cillcMng  mechanism,  so  Mint  tmnsnilsslon  of  target 
data  presents  no  problem,  A  tncclmnlcul  (mill  eleetrl- 
ciil)  device  iiccepts  these  tnrget  iliitn,  unit  eniitluii' 
otisly  eoinpntes  wind  position  the  gnn  slionhl  Inive 
In  order  tlmt  projectiles  Died  from  It  meet  the  tnrget 
In  space.  These  gnn  orders  lire  trniisiiilttisl  by  mi 
eleetrlenl  dntn  irniisiidsslon  (selsynj  system  to  the 
hydriiidlc  or  electric  servos  which,  obeying  the  xlgnnlx 
they  receive,  iintoiiuit Icitlly  keep  the  gnn  pro|s>rly 
oriented.  Tlte  trucking  mid  predicting  nicclniiilsiii  Is 
norionlly  some  d  1st n lice  from  the  gnn,  to  avoid  shock, 
smoke,  etc,,  so  tlmt  trimsinlsslon  of  gnu  orders  from 
prediction  to  gun  constitutes  u  real  (idthongb  sails* 
fiictmily  solved)  probleui, 

In  ii  still  more  completely  mccbiililxcd  system,  the 
tnrget  iliitu  nilgbt  be  obtained  from  u  rndur  set  which 
follows  I  In*  target  iiiiloiiinl  lenity,  once  Its  ben  in  Is 
pluced  mi  the  mrget,  nod  which  mokes  continuously 
nvuilnblc  the  loignlur  imliimth  mid  elevntloii  of  the 
tnrget  mid  Its  slnut  rniige  ill  yards.  These  didu  nre 
then  trnnsinll te<|  by  u  selsyn  or  similar  system  to  the 
predicting  nieelninlsin  which  eonitnites  the  gun 
orders.  The  gnn  orders  nre  trunxinltted  elect ricnlly  to 
the  servos,  hydmulle  or  electric,  which  position  the 
gun  nod  which  set  the  fuses,  Such  u  system  Is  idmost 
wholly  iiieeliuulxed  u i id  niitnmnile,  the  huiiiuii  ele¬ 
ment  iionmilly  entering  only  id  the  iiiitiul  moment 
of  cliooslng  the  target,  mid  ut  the  limil  moment  of 
llrliig  tlm  gun  In  the  most  completely  developed 
systems,  even  the  lending  of  the  gnu  Is  largely  or 
w  holly  nicrlinnlxisl, 

The  testing  or  cvidmdloii  of  nil  iiiitlnlreruit  lire 
control  system  Involves  u  large  number  of  consider¬ 
ations,  some  of  which  prove  to  he  Involved  and 
dillleult ,  The  principal  points  appear  to  be  as  follows; 

I,  The  determination  of  the  errors  in  components 
of  the  system,  or  in  the  total  system,  when  the  inputs 
nrr  without  r/rnr, 

The  eoniponenl  In  ipiestloii  might  he  a  single  am¬ 
plifying  circuit  lit  the  radar  range  equipment,  or  a 
slide  multiplier  In  tin*  predictor,  or  the  fuse  timing 
mechindsni;  or  a  larger  eoinpoueiif  such  as  the  whole 
predictor,  or  the  gun  servo. 

An  Important  part  of  this  error  {namely  that  part 


which  would  remain  If  all  mechanisation  wore  per* 
fed),  cun  often  he  inialyited  and  computed  mathe¬ 
matically,  whether  or  not  the  physical  equipment, 
exists,  Many  studies  of  this  sort  were  carried  out 
by  Division  7,  and  some  by  AMI*, 

Ibtf  actual  test  of  physical  equipment  Is  also  es¬ 
sential.  for  even  with  perfect  Inputs,  real  equipment 
fulls  to  perform  exactly  In  accordance  with  the  cal¬ 
culated  theory,  there  being  certain  Inevitable  errors 
due  to  Imperfection  of  paris,  friction,  spring  of  parts, 
wear,  uncompensated  temperature  effects,  etc. 

Kxpci'lmciit  Is  essential  la  the  determination  of 
these  errors  for  limit  her  reason  namely  that  certain 
phenomena  are  not  ameuiible  (at  least  at  this  singe 
of  affairs)  to  reliable  predictive  analysis,  Tims  the 
fragmentation  clniructerlstlee  of  a  certain  shell  must 
lie  determined  experimentally.  (Hcc  (luiptcr  II) 

II,  The  determination  of  fa /up  err  on,  ami  the 
determination  of  the  ejfrct  of  Mu  se  fupa/  mront  mi  the 
aat/ud  pei/unoaecc  of  component*  of  a  system,  or  of 
die  w  hole  system, 

At  lids  point  Is  Introduced  the  vitally  ImpnrtHUt, 
matter  of  tla>  alertness,  aeenrney,  and  stamina  of  the 
human  operating  personnel,  as  these  factors  nre  In* 
lluciiecd  |»v  select  ion  and  t  ruining,  mid  by  operating 
conditions.  The  design  of  the  system  should  take 
intimate  aeeiumt  of  the  nhllity  and  IhulliitluU  of  the 
personnel.  Ter  example,  the  sumolhhig  of  data  which 
aecompanies  the  prediction  process  must  lie  based 
directly  on  a  knowledge  of  the  tlnrt nations  due  t,o 
traeklug  errors,  and  mi  Increase  In  tbeoretleul  pre¬ 
cision  of  ii  device  may  be  more  I  lam  cancelled  out  by 
Increased  dilllciilty  of  opendlon.  Tills  Is  a  Held  In 
which  Division  7  has  done  much  pioneer  and  finida* 
mental  work 

It  l»  clearly  Important  dial  all  such  tests  lie  carried 
not  under  as  realistic  conditions  ns  possible,  tlmt  tlm 
testing  be  quantitative  and  objective,  and  that  the 
tests  lie  adequately  planned  and  reliably  Interpreted 
by  use  of  statistical  techniques,  Here  again  Division 
7  Inns  set  new  standards,  notably  through  the  de¬ 
velopment  of  dynamic  testers  for  predict  lull,  t  he  de¬ 
velopment  of  great  testing  engines  for  nlrernft  lire 
control  equipment,  mal  tiic  development,  of  exten¬ 
sive  mid  specialised  computing  equipment,  The 
AMP's  emit rllad Ions  Imve  been  mhmr  mid  Inci¬ 
dental, 

III,  The  determination  of  the  overall  effectiveness 
of  the  lire  control  system, 

The  iilllmate  test  of  an  antiaircraft  defense  Is  its 
ability  t-o  si  loot  down  enemy  planes,  Thus  It,  Is  natural 
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to  attempt  to  i'vhIiihIs'i  fur  imy  Riven  wyntoni,  kiwio 
overnll  Index  uueh  n«  "prnhiihlo  i'oiiiiiIh  pur  tilnl," 
liMMitmliiK  ii  eerNln  typo  of  inrgel  itml  ii  eertnln  emirne 
of  tHi'Hot  relative  In  (tun, 

Hucli  eiilvitliitloim  involve,  hint  of  nil,  n  krimvloilito 
of  file  piitfem  of  emii‘  of  (lie  art  mil  I  mixt  pnliit*  In 
the  sky  ii«Ih  live  to  llio  doulml  hnrul  loon  lion.  Till* 
km  hs  IpiIkc  come*  prlnmilly  from  I  In*  hI '.uII«*h  itml  IohIm 
iiutllfieil  nliove  miller  I  anil  II,  ll  In  ihwiiimlilo  In 
term*  of  the  error  In  lln<  menu  point  of  Impni'l  of 
many  liurnl«,  lliln  ermr  In  (lie  meiin  point  of  Inipnet 
nurniii II v  cIiuukIiik  It h  vnliie  iim  the taritet  moveiailonK 
IIh  eoiirm*.  In  mli  lit  l<  m  to  1 1  tin  nlotvly  liinnnlnn  him* 
in  t In*  iui'iit loti  of  luimt  point m,  t lien*  In  n  riimloiii 
(<rror  of  llio  luiliviilinil  Imi'Mln  with  roxpeol  In  the 
menu  point  of  Inipnet,  inn  I  innler  eerlnln  elreimi- 
kIhimtk  n  eorrelntloo  of  winter  or  lewor  Impnrtnnee 
lielween  the  piiKilloii  of  hull vlilnnl  uiieceeillilK  hIiiiIm. 
In  the  vnue  of  milomntle  weupoiiK  llrlnu;  In  Imi'Kln,  If 
Ik  mnnel linen  emivenleut  In  upenk  of  lilim  error*  which 
lire  Hlemly  iliirliiR  Hie  Imrnt,  lint  wIiukc  value  woitkl 
llnetiinle  from  Imii'mI  lo  IiiiikI,  mnl  iiiIkIiI  oIiiiiiko 
xyKtonmtlonlly  froio  point  lo  point  on  Hie  itiruel 
cmiii'kc, 

TIioko  ntiullen  of  cITooHvcIickk  luiml  aim/  ijeul  with 
the  whole  emupllenteil  Inmlnonn  of  termlunl  IiiiIIImIIo* 

I  he  kUo  mnl  we||(ht  ilMl'ilnitloiiK  of  hIicII  flan 
men  I  m,  llio  nnnnlar  illni  rlliutlou  of  I'rimmouln,  llio  ve- 
loelly  i  lit*!  ill  ml  lou  of  fniKlueiilM,  mnl  Hie  I'nll-olt  Inn 
for  the  fi*i»ti;ineut  veloollli'H  nn  tlo*  ilopoinU  on  nltl- 
tOile.  The  vtiluenihllily  of  the  lionet  plane  muni  iiIkii 
he  onrel’iilly  eoimlilereil,  nlmlyliiK  the  prnlinldo  elToot 
of  hIiikIo  or  multiple  lilln  of  I'rnKUienlM  of  vurlmm 
rlmruelerUlloM  on  nil  Hie  ulrernfl  oompimenN,  The 
orleiilnlliM!  of  Hie  tni'HOl  In  Involved,  un  well  an  the 
relnllve  vrloelly  of  liii'itel  nml  nliell 

II  In  iiImi  i  i  ni|  n  u‘t  on  I  lo  ijili'nlloli  lion  Hie  elTei'tlve- 
uenn  of  the  lllltllllrerufl  lire  eiiutrol  nynlelil  In  nlTeeleil 
If  the  Ini'Kel  plnne  follow*  n  omirne  (euryeil  lllulil  or 
eviwlve  m  l |i m )  which  wnn  uni  eimlempluteil  In  Hie 
'IokIrii  of  llio  pri'illollliK  meehiilllniu, 

Anil  "t rial  lire"  proeeiliiren,  Inleinleil  lo  fumlnli 
opt liinitti  empirleni  vidneu  for  <*i«rfutii  ooireellon 
pninmelern  (nIii'Ii  an  Imlllnlle  wind,  lilioudc  velnelty, 
nlr  ileimlly ),  Imve  no  Itiipnrf nut  lullneiioe  on  nvernll 
eltnellveuenn, 

liclutlvo  to  (lie  Itemn  which  i*onm  tunler  Hiln  lietul- 
IliK,  AMI’  enrrleil  mil  n  eoun|i|enilile  iituoiiuf  of  work 
wldcli  will  lie  luielly  MimimnrlReil  or  roferreil  to  In 
Ililn  elmpter  nml  In  ( 'luipler  II,  In  till*  ehii|itnr,  Hee- 
t Ion  III,  i  In  liilroiliiolory,  Mcotlniw  111,2  mnl  lt),!l  refer 


10  ilry  run  emnw  In  leatw  of  lire  control  *y*t#m* 
wlthintt  nluiotiiiH  Heetluu  10,1  Inn  Iheoretlenl  eont- 
pni'lnoii  of  n  llnenr  mnl  n  ijiunlrulle  preillotoe.  Hen- 
thin  III, A  nlfen  enHuinten  of  (lie  cnidrlhiltitiK  »rroi*u  of 

11  itnrlleulur  (Ire  emitrol  nvnlem,  Heolion  10,11  din* 
oiinnon two iniiilliioiir  \ ui’liinin  of  n eonventloiml  llnenr 
prediction  I'lreidt.  Keel  Ion  111,7  iIIkciihkon  trinl  lire 
lirnenilnrc.n  III  Hie  nine  of  u  projectile  with  |ire«*t  fuse. 
Heoliun*  10. K,  10,11,  unit  10, 10  lire  brief  ilUeinwIoloi  af 
upcclid  loplon  In  vulvitis  iiollulrernfl  ei|iilpment  with 
wlilrli  AMI*  wnn  eonoerned,  In  Oliaplcr  II,  AMI"* 
im  illy  Ho  nlinllon  of  I'm  it  men  In  I  hut  urn!  ilumnKf  lire 
reported,  IiircI her  with  eerlnln  ploueeriilK  Hrltluli 
nml  Section  1'  pnpcr*. 

iu.1,1  Klrr  Control  S.vkIimiix 

t  ‘niwliler  a  In  mot  niromfl  lo  oiollou  nlniiK  It  m 
cuin*e.  Siippo*"  lliul  ii  idiot  Ik  to  lie  llrcil  lit  llio  ill* 
Klimt  ill  which  llio  liirp'l  Ik  at  a  point  'l\  of  ||k  ooiii'ko, 
oalloil  the  iirmnil  limit  inn,  ||'  Hie  noil  Ii  ill  of  llio  tni'Kct 
In  llio  liiKtnnlK  follow iii«  the  llrlnu  IiikIiiiiI  Ik  con- 
Khlereil  iim  known,  lliere  iK  then  ilelermllieil  Hie  fntnrn 
/mmt  i  mi  7*  on  Hie  eoui'Ki’,  luoiiely,  Hint  point  nil  the 
eon r*e  nl  which  the  projectile  *liniild  he  niioed  In 
order  Ihnl  Hie  kImiI  lie  iiiiikI  likely  In  lilt  Hie  Ini'Ket. 
TIiiik  Hie  pnlntiliK  of  Hie  kiiii  (mnl  Hie  I'iikc  kcIIIor,  In 
llio  oiiKO  of  a  pri'Kol  I'liuoi  hIioiiIi I  lie  kiicIi  iik  would 

. . .  lilt  nl  the  fill  lire  poKlihin  7'a,  in . rdliiK  to 

Hie  IiiiIIIkIIi'  IiiIiIck. 


I'T«ii  ma  I  t‘ii-11  lmi  af  kuii  mnl  I  lintel 


The  iimiirtnr  ik  Hint  pint  of  Hie  lire  emit  nil  uyulem 
wlilrli  delcrmliii'K  Hie  kiiii  kHIIiik*  ivhleh  me  iippru* 
pi'iule  lor  eueh  ulml,  ll  Ik  oleur  Hint  Hie  iiuiHnii  of 
Hie  Ini'nel  In  nn  Inlemil  piooodliiK  Hie  ih'luK  limlunt 
iiiiikI  lulineiiee  the  koIiiIIoii  produced  hy  Hie  pre- 
dlelor,  for  Kiieh  prior  motion  of  the  tui'itel  Ik  the  only 
iivnlliiide  koi  i  roe  of  I  nl'ni'i  un  I  ton  uhotil  (lie  (notloti  of 
the  tni'Ket  1 1  it  ll  1 1  ik  Hie  I  line  of  IIIkIiI  of  the  projectile, 
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It  in  iiiwi  dear  Unit  till'  (dilution  produced  by  the  pre- 
tllulor  cannot  he  correct  In  nil  cuhcii,  Mince  the  turret 
nmy  move  in  different  svnyn  timing  the  lime  of  illfsiit 
of  the  projectile,  noil,  In  certain  cumcm,  will  lie  ithle  to 
avoid  damage  hy  (lie  projeetlle  directed  lit  n  fiituro 
pimitliin  7',  appropriate  for  u  emirne  dlfTerent  front 
the  tme  nelimlly  Hmvu  ufler 

Thun  tlie  opemthiu  of  lint  prtxlliiur  liuiudc*  mi 

extrapolation  of  (lie  punt  moll . if  the  large!  Into 

the  fill  lire, 

The  wny  In  which  the  mol  Ion  of  the  target  prior 
to  the  hiMlttnl  of  preilletloii  U  fed  luio  (he  predictor  In 
ue  fnilmVK.  Itaugc  to  tin*  large!  ul  eneli  IiimIiiiiI  in 
lOCHHiireil  liy  i  in  In  r  or  oplieidiy,  The  angular  direc¬ 
tion  to  the  (argot  ill  eui'li  hiidiint  Im  eNtuhllhlied  liy 
moving  a  Hue  (the  iixIh  of  n  telemcope)  hi  the  predictor 
ho  ltd  to  point  et  the  Inrgel  coiithiuoiiHly,  TIiIh  proroHM 
Ih  known  iih  friicAiiif/,  TIiiih,  except  for  ihc  ranging 
mid  trucking  erroi'M,  the  prcHeiit  poMhlon  of  (lie  target 
(relnllve  to  the  predictor  plnlforin)  In  no  input  in  the 
predictor  ut  ouch  hiHtiint. 

In  nddlliou  to  InkiiiK  . . out  of  the  mol  ion  of  the 

birgol,  the  preillclor  iiiiihI  nnike  line  of  I«iiIIImI I,-  In¬ 
form  mine  of  the  nor!  routiilnod  hi  Ihc  tiling  IiiIsIcm  for 
the  gull  mill  projectile,  III  port leiilnr,  the  nppcnprliitn 
point lug  of  the  k* hi  nlll  not  iiMindly  he  townrd  the 
future  piiMlIlon;  II  will  lie  miii'Ii  iih  to  itchieve  u  hit  on 
the  future  poMitlnn. 

hi  the  ciihc  of  lieu vy  iintlidrcriift,  the  Input  to  the 
predictor  will  include  the  hnllixtlc  wind,  the  IiuIIImIIi1 
teniperuture,  the  liiilllNtie  iilr  deiiMlty  me  I  no  eHthuiitc 
of  the  iiimodc  velocliy,  ninl  perlmpM  other  McttlngM, 

The  iuix'IiiiiiImoi  uliicli  I rn inbuilt m  the  iiiigniur  kiiii 
ordei'M  (thiil  Im,  the  deMlred  gun  MOltlngM  which  refer 
to  Ihc  pointing  of  the  kiiii  hnrrcl)  from  (lie  predictor 
to  tlie  kiiii  oporidOM  mo  rnpidly  t Im t  one  nmy  eoiiMliler 
the  Ii'iiiimiiiImmIoii  iih  elTeclIvcIy  IiihI until uciiiih.  The 
cn leiiliil Ion  of  the  niiKiihir  kiiii  nrdeiM  hy  the  predictor 
Im  therefore  IiiimciI  on  the  preMUinplioii  Hint  the  kiiii 
Im  II  red  lit  the  very  IiimIiiiiI  of  predict  Ion,  In  the  ciihc 
ofn  prcMot  film*,  however,  the  fime  iiiiihI  he  net  lieforc 
the  mIii’II  Im  phiced  hi  the  hreecli  of  the  kiiii  mid  lin’d. 
Thoinlervid  of  lime  lietweeu  t  he  iiiMtulil  ul  which  I  he 
predictor  coitipiileM  Hie  fimc  mcHIiik  mid  the  IiimIiiiiI 
ill.  which  the  projectile  Im  llred  Im  the/u*r  i/nid  lime,  It 
iiiiihI,  he  known  in  advance  mid  he  fed  Into  the  pre¬ 
dictin', 

('otiMlderliiK  Hie  entire  lire  cont  rol  Myntcm,  one  nmy 
nay  Hud  ltd  Input  coiihImIn  of  I  he  iiioIIoiim  of  llie  turget 
mid  the  kuu  mid  predictor  platform,  the  truckhiK  In* 
put,  I, Im  ranging  Input,  a  inimher  of  net  tlngM  related 


to  wind,  air  dormlty,  temperature,  inucitlo  velocity 
and  the  like,  and,  In  the  ctme  of  a  preset  fu*e,  the  fiuw 
dead  time, 

The  output  of  the  fire  control  system  Im  the  so- 
ipience  of  gun  settings  effected  hy  the  gun  and  the 
reMiiltmit  trajectorleM.  The  kuu  settings  are  the 
miKitliir  kiiii  settings  wlileh  determine  the  direction  of 
the  rllle  of  the  kiiii,  and  hi  the  eimc  of  a  preset  fuise, 
the  finie  Melting. 

The  helmvlor  of  a  purtieiiinr  projectile  Im  not  de¬ 
termined  excliniively  hy  the  kiiii  mcI  tings  at  ItM  flrlllKJ 
Hieii'  Im  MiiperpoMdl  on  thoMi’Kini  ceilings  adlMperMloa 
or  mm  lout  variation:  The  Iiiii'sIm  or  fmjeitforleM,  uli* 
lidtied  from  a  MerloM  of  mIioIm  at  precisely  the  Maine  kiiii 
eel  I  ingH,  will  lie  dlnt  ril  mled  alioiit  their  average  pnsl* 
t Imi  (which  Im  given  In  the  IiiiIIImHc  tahle),  In  the 
eaMe  of  proximity  and  contact  fiiRi’M,  the  dcloualltm 
of  the  projectile  Im  determined  In  part  hy  the  turget 

it  Ml’il* , 

A  gcncriil  (idtlioiiKii  liicoinplclc)  iIImciimnIoii  of  die 
chmiieter  of  mitiulreruft  weapoiiN,  heavy  mitlnlrcraft 
predletoiM,  lire  control  cipdpincut  for  IIkIiI  antlnlr* 
craft,  mid  miliidi'craft  radio'  I’lpiipmeut  >im  well  im 
the  iepoi'ti’d  upending  clinracIcrlMflcM  of  n  imiiiher  of 
h| ii’clllc  wi’iipoiiN  Im  given  In  a  iiicmimiiiilimi," 

tu,  I, a  Time  lluae  of  Preillclor 

Hccioimc  the  prediction  lw  In  purl  mi  cxlntpolalloti 
of  the  prior  motion  of  the  target  iim  observed,  Hie 
elTi’cl  of  erroi'M  of  oliMerviillou  micli  iim  rnuglug  mid 
trucking  erroi'M  would  hi*  mi<i'Ioiim  if  the  olmervatlellM 
Mere  not  averaged  over  u  Miilflcleui ly  long  lime  In- 
lerviil. 

To  IIIiimI rule  (IiIm  point ,  coiiMlder  u  predictor  wlileh 
exile  point  on  In  the  following  llueiir  fiiMidoti:  The 
course  of  the  Imget  dining  the  time  of  High!  Im  pro* 
Miimed  to  lie  along  the  m( might  line  joining  the  present 
position  ’/’i  of  llie  Inrgel  wllli  the  position  'l\>  of  the 
target  ('  mi’i’oiiiIm  before  the  present  liistmil,  where 
f '  Im  moiiii<  I'oiiMtmit  known  iim  the  liniv  ficw  of  the  pm* 
dli'tor,  Hii|i|iiimi>  the  largo)  Im  Indeed  Hying  at  a  cun* 

•*1  uni  veliii'lty  (Hint  Im,  In  a  Mfinlgld  Hue  ut  a  coiiMlatif 
npeed),  Iml  suppose  llml  liie  Input  to  llie  computing 
mei'lmiilMiu  of  the  predictor  t’ltri'CMpiindM  to  a  wavy 
motion  which  ilnvlut «*w  from  being  straight  heemiMe 
of  Input  and  niiu’hliie  erroi'M  Tin’ll  the  extrapolation 
may  lie  grlcvmtaiy  wrong,  If  llie  lime  bane  Im  Mitmii 
compared  to  Die  time  of  (light,  iim  Im  Indicated  in 
Figure  3,  TIiIm  uhscrvntluii  Im  related  to  the  fact  that 
although  an  error  may  lie  Mtnall  It*  rale  uf  change 
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nmy  lie  liu^o;  and  t  int  rate  irf  i:bitn«e  of  Mm  nltwrvi'd 
target  poMltimi  affeetM  tlm  oxtm|i«ilittl<m  Mi  the  fitiurct 
pimltlen, 


Tlm*,  other  tliiiiaM  IioIiik  <*< |im i,  n  Ioiik  time  Iuimc 
IniprovcM  prediction,  Antiaircraft  enKiiKcnieiitM  lire  < «f 
limited  < limit  Inn  mid  If  Im  dcMh'iihlc  In  nehleve  elTee- 
Mve  xliuut Ing  hm  early  In  the  eiiKHKeineiit  iin  Im  poM* 
mIIiIi'  For  till*  retiMiiii,  u  rdinrt  time  huno  would  lie 
mure  mlviMitiiKenii*  tlmii  n  Ioiik  mie,  It  there  uere 
lint  eoiiipeiiMiitlnn  <lli4«idvittitriKeH. 

Itu. .1  of  Kir«<  Control 

HyNlentN 

Practically  nil  tlm  work  of  AMP  on  imiiiilrcri<ft 
Imd  to  do  with  the  UHWMtmrnt  ul’  tire  eiintrul  m,vm|ciiim 
In  the  folliiwlnn  mciimc:  The  AMP  work  hum  mi  up- 
1 11*11  ImiiI  ul’  the  etTeetlveni'M*  ul'  n  lire  emit  ml  MVMteiu 
or  ul'  mie  uf  1 1 m  piii'lM,  either  liy  iiliMervutliin  of  per- 
fiiriuiiiiee  In  the  Held  or  In  u  lidiuriitory,  or  liy  the 
Mindy  of  It*  iIcmIkii 

All  eni|ilrlenl  inetliod  of  iimmiimmIiik  n  the  emit  nil 
nynteni  Im  to  Met  It  ii|i  iinnhiMt  the  enemy  mill  to  n unit 
the  ninillter  of  |diineM  mIi< it  down  mid  the  niinilier  of 
roimilM  lll'eil  or  the  number  of  eiiKiiKeliiotitM.  Ammohm- 
nieulM  of  HiIm  Mint  apply  M|ieeltlenlly  to  the  lii|intM 
which  oeeiirred  In  the  ciincm  nlmerveih  Aerorillnitly,  it 
eomimrlMiiti  of  two  lire  eontrol  MyMteniM  mi  the  IiiimIm 
of  Mill'll  uliMervntloliM  mIioiiIiI  lie  teni|iered  liy  tin 
HWfireiieMM  of  I  lie  extent,  If  nny,  In  which  the  netniil 
I iijntt  tended  In  fiivor  nr  dlMfiivor  one  nyeti'iii  iihiiIiimI. 
the  ntlier,  For  example,  one  M,VMteni  tuny  he  Mii|ierlnr 
to  unotlier  iikuIunI  Iiii'kiiIm  liikhiK  evimlve  net  hm. 
Hfieli  a  Mii|ierlniit,v  will  not  he  In  evidence  If  the  enemy 
file*  only  mIi'hIrIiI  runi'MeM  In  the  nlmerved  entmite- 

ftlWllM, 

An  UMNeMMinent.  of  it  fire  eonthil  Myxtem,  of  the  Mint 
JtlMl  deMerllied,  In  the  Held  egiihiMt  Hie  enemy  Mhnitld 
lie  the  limf  nf  ii  Merii'M  of  nMMCMMinetitM  enrrled  nut  nil 
ditrlnu;  tlm  intervnl  from  the  Initial  ihwl^u  of  the 


fire  control  Mynleui  to  Hm  production  mid  iimm  hi 
ijmintlty.  For,  If  these  earlier  iiMMOMNOienlM  tire  not, 
enrrled  out,  mljiiMfiiienlM  mid  lmpi‘ov«moMtN  of  the 
fire  control  ayMtem  would  be  either  delayed  or  lout, 
altogether, 

One  nmy  eniiMlder  a  aerie*  nf  of  iiMMPMMineftt, 
of  which  the  one  JiiMt  dlMetiMMed  In  at  tlm  extreme, 
nIuco  It  Im  an  olmervtif Ion  nf  the  lire  eontrol  ayMtem 
In  aetlmi  In  wlileli  the  InpiitM  are  aiihjoct  to  a  mini¬ 
mum  of  eontrol  nit  tlm  |mrt  nf  Ihe  oliMerver.  At  tlm 
other  extreme  from  tho  iiMNOMMiiiont  jiiMt  deMerllied  Im 
one  which  ei iiimIhIm  entirely  of  |)ii|ier  work,  'i’lie  colli- 
pniient,  port*  of  the  lire  eontrol  ayahmi  urn  deMerllied 
mathemiitleally;  the  out  put  in  t  lion  determined  hy 
enleiilnt Ion,  mid  itppralMod.  Fire  eontrol  MyMteniM  are 
mu  complicated  that  u  eeituln  iiiuomil  nf  IdeidlRutlnn 
Iiiim  heen  neeeMMiiry  in  unmonmiiiciiIm  uf  MiIm  type,  Ac¬ 
cordingly,  the  validity  of  tin*  i'omuIIm  depenil*  li|ioii 
t he  extent  t « i  which  the  it lenllxnt «< him  approximate 
t he CMMcnt ini  elemeiilM  In  the  Mltimtlnli,  Kxpcrlmcntal 
el  leek  h  uf  the  entire  iiMMeMMineut  or  of  purtM  of  the 
UMMeMMiiieiit  eun  «*Ht iiIiIInIi  the  MiiiiudlieMM  of  u  llieoretl- 
enl  UMMeMMiiieiit  ulld  |ierni It  one  to  have  eunlldenee 
III  I  Im  eolielilNloiiM. 

IHie  iidviililiiKe  of  all  iihhommiiioiiI  whit'll  Im  entirely 
tlieoreth'id  Im  thin:  Initial  eoiidillotiM  eitii  he  varied 
readily  and  t  lie  whole  range  of  H|i|tr«ipt*lit it*  Input h  ciiii 
he  Mtudled.  'I’Iuim  the  Mcope  of  the  hiihI,vkIm  Im  miiIi- 
Mlimtliilly  h milder  tluoi  eao  be  achieved  by  ulmervlllg 
the  the  eontrol  Mynteni  in  net  h ill  For  example,  If  one 
wInIich  to  eoiiMhler  the  lielaivlor  of  the  the  eontrol 
M.vMtem  miilei'  in  typea  of  tmckhiK,  typ«*M  of  miig- 
liiKi  tin  typeM  of  turret  motion,  nt  typeM  of  predictor, 

•  •  •,  one  diiimI  eoiiMlder  In  all  •  •  •  MlliiilthiliM, 

The  inaKiillmle  of  the  llllliiher  ol  eiiMeM  mooii  beeomeM 
prohibitive  Nonet lieleMM,  the  I lieorel leal  aualyMl*  ean 
be  enrrled  out,  nml  n  iiioderilte  number  of  experi¬ 
ment,*  ciiii  be  Jodli'lnualy  ehoMeu  ami  iimi'iI  iim  cl icekn 
of  Hie  theory.  .tiidleluiiH  mid  properly  platnmd  ex* 
perhueiitnl  InvcMlIgiitloliM  eomhliied  with  thenrelleul 
n iiiiIvhcm  provide  u  powerful  method  of  ri>Menre|i, 

Any  experimental  iiMMOMMiuent  Mlioiild  lie  hm  rmllMtle 
dm  poMMlhle,  TIiIm  Imphi'M  tlnil  il  mIiu old  involve  mIiiioI- 
Iiiu,  provided  the  iitluhmhln  motion  of  tlm  target,  nml 
other  eomlltloiiM  me  rcprcMoiitatlvo  of  actual  entail* 
thniM,  Am  ihe  mmieiivemblllty  uf  tow  lurgel*  In 
delinltely  limited,  there  will  lie  nil nutlniiH  hi  which  a 
eamem,  leal,  ugaltiMt  I'lwt  moving  real  alrplanea,  pna- 
mIIiIv  (lying  eviudvn  cnuraeM,  will  he  a  more  rnullNllo 
Mlmulatloii  of  enmlial.  eomlltloiiM  than  Im  attainable 
with  ah  noting,  In  a  eaiimra  tent ,  everything  hut  the 
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mIiihiHiim;  inii.v  lioNlnmlnlod  ••x|int,iim>tif tiii.v.  TlmelTeef 
of  nIiuuIIiik  |h  tlii<n  Mii|M’i|)iiHi»ii  mi  tin*  experimental 
til  morviitlmm, 

I'ui'lfio  iniwt  pari,  lln>  IliiHm'tli’til  iiiiiiI.vui’h  iiI'  null- 
nirrrnft  «,i|iil|>iiu>nt  coialnelci!  hy  (Im*  AMI*  applied 
In  part*  ill'  tlic  lire  ••nut ml  Nvxleni,  rntlior  tluui  llii’ 
w  hull’, 

HU. I  Ctilettliilloit  of  f’roliuliillticM 

In  liny  iiKWHHini’iil,  experimental  ur  1 1 . . . I,  It 

In  i li 'hI i'ii I  ill >  In  I'nli'illiiti'  I  In'  prulialilllty  itl'  i  lew t  my  Inn 
Ilic  Ini’ni’t  dlll'hiK  tin1  I’liKiiKi'ini’iil  in  tin-  |>ii il in lillil y 
ill  hitting  lhi<  target  with  mil'  r.ln it ,  nr  nuuic  nIiiiIIiiI' 

|  II'i  il  III  I  ll  II I  \‘  (Till'  lll'Kt  I  III  il  ill  I  ll  1 1 1%  In  mi  I'm!  1 1 1 III I  i<  ill' 
(In'  1 1  i'i  i|ii  ii'l  lull  ill'  ciiKUgouiotitN  In  \\  I  li  i  'll  lln<  target 
"i mill  In'  dent I'liycil,  Tlw  hi'i'i ii ii |  |h  mi  i'ni I nm i i<  h|  i Ih< 

I  III  l|  ll  III  |ll||  III'  nIiiiIm  W  (ill'll  W  I  mill  III!  III!'  I  lll'UI'l  ) 
Tlii'w  i  in  il  in  I  il  III  lei.  ii  n>  n  |«*t  li«i*  niriiHinv  ii|'  I  lie  per- 
I  <  ii'iiin  ni'i  •  til  tlic  lire  i*i  mi  I  ci  il  HVMtt'in  limn  In  ii  dcNcrlp- 
linn  ill'  llii'  ti  nun  hi  I  m  In  w  lili'li  i  lie  |i  \>|  ii  (i  lu>i  li'iil  |  ii'i  >- 
ji'i'l  ill  >in  ink-  llii'  target  I’m'  llii'  tin  il  hi  I  ii  III  Ii-h  me  n 

IIM'IIKIII'I'  ill  |II,I'I'|n|i|v  1 1  III  I  I'ITi'I'IIm'III'Mn  Ini'  W  lilt’ll  till. 

II H'  I'tllll  fill  nI'nIi'Iii  In  I  ii  I  I'I  II  Ii  'I  I  ll  uiinlil  III'  1 1  ri  i|  ll '  r  III 
n!  up  with  n  1 1  chi'  I'i  |  <t  Itiii  hC  llir  iii|nni*n  hiiI.v  ll  niii'Ii  ii 

i  IcHi'i'ii  it  ii  n  i  were,  in  I'lTci'l,  n  1 1 1  'Hi'rl  |  it  lull  n|  l  In*  iiIihvi' 

I  II'I  ll  til  I  llii  I  Il'H .  NllW  till'  1 1  I'I  II'I  'HH  III  I'I  III  \  I'l'tlllU,  till' 
III  Imhch  IiiIii  |in  il  in  I  lilil  li'H  linnhi'N  I  III.  II I  ip;l  |  III  i  IniHi'l 

Him*  (which  I'nrii'H  1 1 1  i'i  n  ml  n  ii  1 1  mi  engagement  i  mu  I 
•III'  HUM  ill*|ii’l'Njnii ;  III)'  |ll'i  il  »n  I  lilil  >  id  hit  I  iliu  Hi*' 
Ini'Ui'l  nr  nl'  ili'Hti'iiyiiiu  llic  In I'ucf  In  mil  nl  nil  prupur- 
•  hmnl  in  tlic  a  1 1  ii  ii  1 1 1 1  nl'  tlic  ihInh  Tin1  \  1 1  i  t  iith  liilil  >  nl 
till'  III  I'KI't  |»  mi  •met  Iiiic.n  I'i  M 1  i  |  ll  1 1  'll  I  i'i  | 

TIiiih  llii'  nIc|i  I  ri  mi  tlic  inniiinilN  i  i  %■  whlili  tlic 
h  \  |  ml  lid  Ii  'ii  I  t  iri  ij  ci'  1 1  Ii i  il  Inn  tlic  I  argot  In  tlic  |n  nlm 
hllllli'N  In  I'NNimt inlly  cuniplox  innl  often  rninml  ln> 

ii  i  *ci  it  1 1 1  il  |h|  ii  •  I  In  mi  llii  nit  Ii  in  I  hi  hi  *  1 1  im  n  lirli't  i|i'> 
Hi'l'l  |  it  Inn  nl  llm  iiiiiiiiiiiIn  nl  tlic  iiiInni'n  iiIhiii  It  wmilil 

I I  ii  let  lire  hci'Iii  w  i  irl  Ii  while  In  ci  n  n|  n  1 1  c  I  lie  prnlin* 

li'H  w lionovcr  ihi'  nun  i'ITiii'n  mi'  Hiitlic|i*iit |%-  re 
llnlilc.  Thi'ii'  will  Im  i'iihcn  lii  whli'li  n  ruugh  ci nn | ml ii- 
1 1(  *ii  nl  llii'  |  iri  il  in  I  il  I  It  Ii'n  will  lii'Niillli'li'iii,  Till-  unit  lei* 

In  <  IIhci  iHHCt  I  I'ni'llii'i  In  Heel  Inti  111,2, 

I II. 8  AISAI.VMIM  oi'  I  HIV  |||l!>  I'illllOIIM 

Hit|i|n  ihc  llml  ii  Hi'i  ii'n  nl'  I  fin  Im  In  cii  rrlci  I  mil  (In 
ii'iillly  nf  porliupx  mily  I'linccf it nnlly i  In  which  nil  llm 
I'li'iiiciilN  nl'  llm  Hi'i.  entiti'nl  wyNlinn  me  IiiviiIvimI  with 
mu'  except  Inn ,'  Tlii'ie  In  iih  nIiiihI  Inn ;  IiinIi'iiiI  ii  rocuril 
nl'  Hie  Kim  Net  ting*  In  taken,  plmlogrnphlrnlly  in* 


otlterwlw.  Kni'li  lrla-1  In  ii  Nlunilittlmi  nf  tut  engago- 
niciil  nf  llm  lire  eunlml  Nyatein  agiilted  nit  enemy 
plane,  Kuril  I rlit I  will  Ini  mill'd  n  Ury  run, 

The  ih'i/  run  vrrnr  at  any  llrlng  limlnut  may  Im  iln- 
IIihhI  iih  llm  illN|ilai'i'iiii'iil  from  the  targel  In  llm 
average  puNit  Inn  uf  n  iM'iiji'ct Hu  tired  at  the  it rltitc 
in.Nlmn  with  tlm  gun  M'dlnga  thut  wi'ie  In  nlTiM't  In 
llm  dry  nm,  Hie  i|In|iIiici>iiii'IiI  Iii'Iiik  iih'iiniiiiiiI  nl  Urn 
IiinIiiiiI  nl  wlilcli  a  i’iiiti'i'IIv  ii  lined  pi'njcct  lie  with 
iseiii  1 1 Ih| ici'Hji hi  winild  lilt  Ihe  tni'icet  in  tin*  i'hnc  uf  h 
proximity  nr  in  hi  t  n  cl  I'uttc  the  dlN|iliici<nii'nt  In  iuciim- 
iii'i'd  |ici  ticudii'iiliii'  In  Ihe  average  I  inject i n  >  (rela¬ 
tive  lu  Hie  liu’Kel);  In  Hie  i  'a  ni  •  nf  a  1 1  i*i  'hi  *  I  futsc  It  i* 
iiii'iiNiireil  iih  n  veetiit'  In  .'I-iIIiiii'IinIhii.'iI  h| nice,  An  liull- 
cn  1 1*  hi  iil'n  met  hod  nl'  cii  Ii'iiin  I  Inw  dry  run  oitoih,  In- 
Kellier  with  e\|i||ell  itelllill  lolin,  In  kIvcii  in  Sect  Ion 
lll.l 

Ihe  prcNeiit  hi  i'i  |i  ill  will  eiiUNider  Ihe  linn  l>  hIm  uf 
i'i'i'iii'iIn  nf  die  run  citiM'n,  The  i'uui'i'|itN  mill  iiielliuiU 
1 1 Ihci ihhci I  nre  | icrt  liicn t  In  mil  liili'ei  nl  I  | >n >1  ilcni n  (par* 
lleiiliirly  I  In  ihc  w  IiIiIi  lire  euueeriied  with  iintniiuille 
wen | toiiH  1  iih  well  iih  In  nerlit I  nunnery  mid  rooked', v 
|  in  d  ill  'i  iih  The  wnrk  i  if  A  M  I’  iiIiiIik  Ihe  Hue  I  lid  ien  I  ei  I 

w  n  h  |  irl  iiei  |  iii  II  v  1 1  ni  i  mil  entirely)  Ii . . .  Inn  with 

nil  lii-nlr  gunnery 

\\  e  i •* iiieli ii le  Ihi.*  ini rudiii't inn  w  Iih  n  remark  iilmut 
Hie  |  iln  an  I  iiw,  uf  Hie  dry  rmiK,  The  lierfiM'ihiuiee  uf  n 
lire  ci  in  l  ri  il  ninIciii  In  mi  aetiinl  nIiiiiiIIiih  In  the  ri'Niill 
nl  n  huge  mi  ml  icr  uf  ei  iiii|  iuiii'h  I  einiNi'N,  Nimie  uf 
whli'li  me: 

I  The  |\ |  n*  nf  . . I  1 1  lilil  In,  the  |ini'l  leiilnr 

unit  1 1  ii  i  h  nl  il . cut  ci'h  nf  inn«N  nl  die  lal'Ki’l  and  the 

Him  |  tin  I  I'i  ii  ill  i. 

2,  Ihe  yaw,  |  il  I  cii ,  mid  lull  nf  the  nun  |  ila  I  furiti , 
ch| iccliilly  I n i| c lit n n I  in  naval  riigiigrinriilN  and  la 
air  lieali'  gunnery, 
ll,  The  tracking  erruiN, 

I  The  inlighig  eri'ni'N. 

."i  A I  iiiuh| tlicrlc  euiidlt  Ioiim,  ai'enriiey  uf  iii  I Jiih|  - 
•  i  ii  'ii  I ,  decree  nl  wear,  the  |  hi  rt  letil.i  r  Im  r  Iih  ml  mi  I  lull, 
iiiiiI  ihe  like,  nf  the  nvnIciii, 

•’ullNliler  all  hiM'Nlluiilluu  wIiunc  uhjeel  In  lu  i|e- 
lerinllie  Ihe  averiiKe  ur  exported  liehnviur  uf  (lie 

Hr . a t r« il  HVNleni  when  Nuiue  ur  all  uf  . . udlllunx 

n  ien  I  Imicd  nliuve  (I  lu  A)  vary,  in  oortnln  lavcNllgii* 
iIhiin  nne  may  w|n|i  lu  H'wlrhl  iin  many  nf  Ihe  cun- 
dllluiiN  iin  piiNNllile,  mid  Nlinly  the  elTeel  uf  the  vttl'I- 
at hum  nf  the  iilhoi'H,  Kur  example,  lu  all  experimental 

liivi'Nl  Inal  Inn,  line  ci  mid  . . .  dial  Ihe  liil’Ki'f  Hy  a 

parlli'iilnr  coiiihc  relative  lu  the  gun,  "lid  Hail  there 
lie  im  yaw,  pilch,  and  mil  uf  Ihe  gnu,  lu  all  IiivonII* 
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KiiflniiH,  I horn  xlnmhl  Ik*  mi  mloipnilo  n*|»roH<*tilnt inn 

(III*  lllflWl'Ill  I'lllllMlHlllullH  III'  tllll  ClllllllllllllH  (|  tl| 

/i)  wlileli  nm  In  In*  viii'li ** I ,  mill,  In  jsn  fur  nx  If  In 
poxxlllll*,  till*  Wel(thlx  glvotl  III  tin*  llliri'I'I'lll  I'l  (III  1 1 1  ll  IIIIS 
Hint,  ni'n  cntixidrrcd  hIiiiiiIiI  i'inT(H|i<(iii|  in  flic  fn*. 
i|iii*iiry  with  which  l In*  cniidlllunx  mi*  cspcctod  in 
ncciii'  In  millly. 

in. 2.  i  Sn|M*r|MiM|||on  of  Firing 
Kffrith 

’riic  s'ITim'Ib  n|'  Ih'liitt  lire  mljuliii'il  In  ilu*  dry  run 
i'll''  *1'**  I'V  nioiiux  nl'  Iln*  llieniv  ill'  |  n*i  il  in  I  il  III  lex,  The 
i  lr,\  i  lin  el'll  if  rot'orx  In  I  lie  liclnn  inr  n|'  nil  iivcriiyc  |iru- 
ji'i'lllc;  n ii\  Jisnl iciiini  |iiiiji*<*iil<*,  II'  il  I*  tired  dnrliiu 
Iln*  ilry  run,  wnuhl  ilevlnle  I'rniii  Iln*  avcrnttc  nl'  nil 
fti'i iji*i'l Hi *m  Hint  iiiIkIu  In'  llri'il  nl  the  xiimc  luxlmil, 
in  iiiTni'ilniii'c  u  ilh  Ilu*  | hi i!  nihility  < li*>i iil hi i Inn  I'um*. 
Hun  which  doxciilio*  tin*  hohfivlnr  nl'  iln*  **el  nl  nil 
projectiles,  The  viiiiullun  I'rnin  Ilu*  nvcrnm*  In  tin* 
linlU’l* hull  will  In*  ri'lei'ii'il  lu  n*  the  f/ix/imunn ,  till* 
i|l«| ii'i'xlnll  is  In  cii|il|il'ehcliil  llioxe  cIToi'lx  (mill  only 
thnne  I'lTcclx)  which  would  In*  prcxciil  with  ucliiul 
»hnntlnu  I  ml  which  lire  ulixcnl  lu  the  ilry  riue*.  The 

ilixporxhm  I*  . . Iiixivo  •(ittiu  1 1  l.v  lu  determine,  lull 

I  here  lx  un  reiixnn  in  xiip|iuxc  Hint  I  lie  uppi'nxlmu- 
I Inin*  thiil  me  iiunle  me  iiiimhI ImI'hcI iii'.v . 

I'niliiiihiM  will  lie  given  lu  Seel  inn  llt.tf.tt  which  will 
permit  Hie  mi  lei  ilu  Hull  nf  the  |>ruliuliilily  /i  lluil  it 
imiticiihu  nIiuI  nl  ii  |*url iciilnr  ln«lnnl  nf  a  ilry  rmi 
wnuhl  i  lex  liny  (lie  liy|int|iel|i'iil  lnrni-1.  The  furiiuiiiiH 
I lii'liixeh'1'x  lire  lexx  iiu|inrliilil  Ilian  lla*  way  In  which 
Hie  i|iiuiillliex  ji  are  ii*cd  mice  they  lane  lieeii  i|e* 

I  eriniiiiH  I 

The  ineaiihiK  uf  the  |irulinhlllly  p  ix  ax  fniluwx:  Il  lx 
I  he  |irii|ua  linn  uf  xliulx  which,  llreil  under  Hie  cuiiill- 
I h him  which  tnevaileil  In  the  dry  mu  til  lla*  Ihintt 
IllMtinit  uualuxl  a  t ii rgel  which  iiiuved  holme  anil 
lifter  lla*  lirluit  iniilanl  lu  precisely  Hie  way  lluil  Hie 
lai'ttel  did  UluVe,  wnuhl  Ini Ve  ilex) ru, veil  Hie  IiU'kcI. 
xiippnxhitt  Hint  tt limy  xiieli  diulx  were  llreil, 

The  |irnhiilii!lly  /<  will  de|ieud  mi  Hie  dry  run 
erinr  ill  Ilu*  llixlmil  In  i|iiexllun,  Iln*  vnlucmlilllly  uf 
Hie  inirlleiiliii'  Inrgol,  In  (lie  iiiiimiiulllnii,  mid  Hie 
dial  lernli  in 

Ki.2.2  (  neoiiillt iotiiil  VuiiirrMbiiity 

A  I  it  rgel  Ixxnld  In  lie  uiientnllllnimlly  viilnemlile  If 
I -he  iii'nladilllty  lluil  miy  xlin!  will  ilexlrny  II  lx  Inde¬ 
pendent  uf  any  dmnitKo  (ullier  Ilian  eniiiplele  de- 
Ht tiicf  Ion)  Unit  the  liii'Kch  nmy  prevluiwly  have  xpx- 


liilned.  Thitx,  an  tmcijmiiflutiiilly  vuiiiemhlo  twt'get  ix 
dextroyeri.  if  II  lx  iii*xtn*ye!i  nl  oil,  Ity  the  effect*  uf 
(’•lo  eliut,  All  lioitglt  net  mil  largelM  are  priilmhly  nut 
iincniidlllniiully  vulnemhle  In  the  xlrlcl  ximxe  with 
ti'xperl  lu  any  piu'lleuliir  hind  uf  u  m  nn  ml  lluil ,  iievei- 
Iheiexx,  the  idenllKiillnii  Hail  I  hey  nee  nncimiiithiimlly 
vulnemhle  Ix  nxel'iil,  mid  nl  leaxl  In  inmiy  euxex,  givex 
lexitltx  which  lire  exxini Hally  eni'i'eel  , 

One  reaxuii  fur  llilx  ix  ax  1‘iillmvx:  The  pcolmhllit.v 
lluil  l w 1 1  nr  nint'i!  1 1 ruj eell lex  will  produce  lilts  on 
mulunlly  xiipph'iiieniiii  y  piirlx  and  Hierehy  dost  my 
Hie  lai'Ki'l,  when  each  pi'njecl  lie  liy  llxelf  wuilld  full  In 
dexirny  Hie  lai'ttel,  |x  xtimll  cnuipared  lu  Hie  |ii'nliii* 
hillly  lluil  nuc  projectile  will  dexirny.  'I’lie  |ii'cxciiled 
nun  uf  Ilu*  ciimpnneul  purl*  which  are  multiply  lull 

nut  xinuly  vul . a  hie  ix  xuinll,  and  Ilu*  pnilmhlllty 

per  mill  area  uf  uhlaiuhiK  preeixely  Hie  reipilred  xel  nf 

llilx  ix  HIIIII  II . 

MuvIiik  ph'lurex  nf  a  lai'ttel  liciim  downed  hy  a 
"li'cain  nl  eallher  II. Alt  hullelx  nr  u  iiiuxx  nf  I'nittmenlx 
nl  a  xlieil  may  ttlve  the  liiiprexxlun  Hint  Hie  lai'itcl  Ix 
i lowiiei I  I iv  Hie  I'liiuliiueil  elTeel  of  inmiy  llilx,  Mill 
llilx  Ix  lint  Mil  itiexca pal  lie  I'nlicllixhlll,  There  |x  llxlially 
ii  luiilliplli'lly  uf  hllx  with  each  hill  nf  an  uncoil- 
dillnnully  vi 1 1 uern I *|< <  larttei  fur  xevei'iil  reaxiiux: 

1 1 1  The  elTed  nf  Hie  lethal  hit  may  lie  delayed,  <  'iiu- 

«ci|iicnll,v  all  . . 'iirriiitt  idler  Hie  lei  hid  lilt  lull 

liefuri*  the  Hexliucllnn  ii|ipeiir  In  cuiili'lliiile  to  lla* 
dexlriielliiii  The  priiliahillly  lluil  u  Irunmenl  |x 
lethal  Ix  lexx  than  Hie  piuliuliillly  lluil  a  Iriittmeiil 
will  hit  Ilu*  I  n  met,  I  'nliH(|iieiilly,  inmiy  lioti-lel  hit  I 
hllx  ni'cm'  fur  ciicli  lot lui I  une,  un  Ilu*  i« voragi*. 

The  render  Ix  releiii'd  In  Appendix  I  nf  u  repnrl  >' 
•nr  il  dlxeiixxlnii  of  one  aspect  nl'  llilx  xtllijccl,  lluil  Ix, 
Hie  viihicraliility  nf  a  litthier  aircnd'l  in  iimi'liiiie  unit 
lire 

i'i  oi  fin  III  ioiiii  liy  v  1 1 1 1  n  'Oil  I  ih  *  lai’ttel  ix  olio  fur  which 
there  |x  mi  iippivclalile  prulialilllly  lluil  Iwn  nr  mure 
pnijei'l ilex  will  1 1 ijtel her  ilexlniy  Hie  lai'ttel,  each  i if u* 
of  llxelf  I'ullliitt  In  dexirny,  A  laiget  which  eamiiil  la* 
dexlriiyiil  hill  which  eaii  he  damiitted  Ix  Hie  nppnxltu 
"f  mi  iiiu'uudil loimil.v  viilnemlile  Iiii'ho!  All  extreme 
"xmniilo  of  i hi*  lurmi'i'  Ix  Hie  Oily  of  hiiiduli  mid  uf 
•  he  liiller  u  I'uiiipai'f  amnmuiliuu  dnni |t, 

in, 2, ii  Survival  Probability 

1 1 1'tioefi irl  Ii  If  Ix  iixxiiiiieii  I  hut  Hie  timilyxlx  Ix  ill- 
roof  oil  inward  n  dcfcnnliiitHuii  of  Hn*  i*fij*el  Ivenuxs 
of  Hie  lire  cunlrol  xyxlem  iigithixt  tin  iiimuiiilltluimlly 
vuluci'iihln  tiirgnf, 
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Buppmuo  (lutt  MliotM  itr«  Imagined  dining  a  dry  run 
mill  Nimrod  ho  iim  lo  ciiiifiirm  In  t|#«*  mte  of  lire  of  tlm 
lire  aunt  rnluyntoin, mid  that  /i •  ^/Mtroflioprah* 
nliilllli'H  dollnod  In  Hoot  Ion  1112, 1 ,  (lint,  the  roHpoetlve 
kIio)h  would,  of  Iln'iiiHi'lvi'H,  di'Hlrny  tlm  target,  Then 
I  —  pi,  I  -  /)j,  •  ■ ',  I  —  /i„  are  tlm  ri'H|H>i‘t|vi'  pruha- 
lilllfli'H  find  flio  hIki(h  will  full  In  dontroy  (ho  taigot, 
Aernnlhigly,  flic  mimvnl  /no/ada/iV//  fur  the  n  hIio(h  In 

"“(I-  /»l)(  I  ™  in)  ”  ■  0  -  /•„),  (I  ) 

wince  flic  liirgof  In  iiiii'oiiiIIiIiiiiiiIIv  viiluorulilo.  Tlio 
ilmli'iK'luiii  imihnhilllii  In 

ll  “  1  —  *. 

Tlio  jin  ihii  Id  lit  ii'ro  «  mid  d  urn  dio  |ir<  n*(  Ioiih  of  on* 
gii  goi  non  I  m  In  wliloli  tlio  targot  would  Mirvlvo  or  ho 
doMlrnyi'd,  roNpectlvelv,  It  hclng  Niipponod  flint  tlio 
onllro  dry  mu  In  ropo.ilod  exactly  ninny  limon  with 
Nhonllngoiioli  lliiio,  rtniH  h  in  |iroHiuood  I  hut  tlio  |iilnt 
of  the  liirgi't  In  oiiiiihiit  would  out  take  any  Npoetal 
ovunIvo  iii  dun  (nt lii'f  l lian  dial  iii’onohi  during  tlio 
dry  i'iiiin)  iin  l  lie  roHidl  of  t ho  oITooIn  uf  flic  hIihIn  oarly 
in  dio  oiigiigoiuoiit 

Tlio  prnhiihlllly  h  iin  given  hy  cipin  I  Ion  I  f )  In  ton 
largo,  if  tlio  target  In  oiiiiditiniiiiliy  vulncrnhic. 

iii  2,  i  KximtUmI  \  III II«*M  —  Ml'ilHiiri'iN 
of  IN'rfonnuiii'c  of  Flru 
(loo  I  ml  Hyidi'iii 

The  iirotialillltli'N  </,  «,  and  /i  apply  In  a  piuliciiliir 
run  or  a  part loulnr  IiinIiiiiI  uf  a  purl loular  run,  for 
thin  roiiHini  f‘,o,v  arc  mil  iiioiiNiiroa  uf  tlio  ontlro  per* 
fnl’inaiioo  uf  the  tiro  ouiitrol  nynledi.  Hindi  loeiiNiiroN 
arc  riillior  dm  average  ur  o\|iootod  viiIiion  uf  </,  *,  and 
/)  over  llio  Not  uf  all  foul  rniin.  MV  nlmll  i/no  ro/n/n/ 
hilvi'H  In  ilrnnlr  mlimnlv*  nf  Ihv  r,i  7100/01/  viilnv*  of  I  Iin 
(WiTHfiiiiulitiii  xiiiiill  Ivlin*.  TIiiin,  I),  S,  mid  /'  uro 
OHlhuatoN  uf  the  export 01 1  viiIiion  of  <1,  *,  mid  />,  ro- 
H|M'I'||V('I,V, 

Till'  Ifiinlitlly  / )  In  1111  OMtlmatoof  tlio  proportion  nf 
oligagoinoiitN  In  which  the  largol  would  ho di'Ntruyod, 

It  In,  tlieroforo,  a  Humid  luoiiHiiro  uf  tlio  |iorfurmani'o 

of  t In*  tie-' . .  trill  hvnIoiii,  It  taki'H  aoooimt  nf  the  din* 

IM'I'hIoIi  uf  tlio  iirojootllo,  tlio  vnliioralilllty  and  nine  of 
tlio  targot,  iitnl  the  norliil  oorrolntlnii  of  tlio  dry  rim 
ci'roi’H  along  oaoli  ouiii'ho.  ('I'Iio  noHiiI  oorrolatlua  In 
iIIhi'IihnoiI  III  tlio  noil  Hoot  It  ai. ) 

Tlio  i|iiiifillty  /'  Ih  mi  ohIIiiiiiIo  uf  dm  |iru|mrHuu  uf 
HtmtN  which  would  doNtrny  tlio  largot,  It  nnty  ho  a 
Hiiutal  inoitHiiro  uf  tlio  performance  of  the  llro  I'outral 


Hyntoin,  ovon  diuugli  It  iIooh  nut  take  immiunt  nf  tlio 
noHiiI  oorroltitiuti, 

Hot  iih  ilonuto  hy  li  an  oHtliiiato  of  tlio  exported 
value  uf  dm  radial  dry  run  orrui'H.  Tlio  ipnilitlly  h'  in 
a  moaHiiro  nf  Ilia  |iorfumimioo  of  Ilia  flro  control  Hyn- 
toin  wliloli  dui'N  not  take  iii'ouiilit  uf  |irojootllo  iIIn* 
IioihIoii,  targot  viilnoralilllty,  target  h|*o,  nr  Hoiinl 
onrroliitinii,  It  may,  iimiotholoNH,  ho  mloipiato  hi 
oorlaln  1 'a  hi  'H, 

Hii|i|>uho  Hint  oitoh  gnu  uf  a  lire  cuiitrul  hvmIoih  In 
ro|ilaood  hy  two  giuiN  and  that  thin  ropliieomeiit  iIim'n 
not  ohiuigo  tlio  dry  run  orrorH.  Tlion  the  Hiirvlval 
lirnliiihillty  *  will  ho  ro|ilaood  hy  |(n  Hijiiaro  TIiIn 
fnlluwH  directly  from  luritiitln  (I),  It  Iiiin  hood  Niig- 
gi'Nlod  m  dial 

0  ■»  *  lug  N 

ho  a  luoiiHiiro,  the  roia/iariNoa  i’/o/r,r,  nf  (ho  poiiui'm- 
nuoo  of  a  tiro  ooiitrnl  HyHtoni,  The  o< hi i| ihi'I hi  11 1  Index 
r  Iiiin  tlio  following  |iru|««rlloH,  (I)  The  grontor  r  In, 
the  grontor  tlio  |irohiihlllty  nf  doNtroylug  the  targot, 
(2)  Itcplming  oaoli  gnu  nf  tlio  aynd'in  liy  two  guiiH 
(Hiilijoot  to  the  Nii  1110  dry  ruii  orrur)  Iiiin  the  effect  uf 
duiihllng  0  I'roport Ion  ( I )  and  (2)  hold  iiIno  fur  f,  tlio 
c\  pooled  viiiuo  uf  r  over  nil  cuUn, 

'I' . .  die  inclining  nf  1'  with  dial  of  I),  one 

might  note  tlait  knocking  down  twice  iin  many  enemy 
idunoN  In  the  Name  limn  tier  of  oiigugi'iiioiitM  Iiiin  the 
otTool  nf  1  luiihling  I). 

in. 2. it  Si>rlul  <  lumdut  ion  of  Dry 
Hint  llrmra 

The  dry  run  citoi’h  ot  tin*  tiling  IiinIiiiiIn  nf  a  ran 
are  nnvnmlnlvil  i*luli*liviilln  hnlvftvnilvnl)  if  they  liavo 
dm  following  pmportyi  The  orrm  at  an  IiinIiiiiI  In 
NtatlNiloally  in* lu| lulu |i u it  of  tlio  orrui'H  at  oaiilor  In* 
Ntantn  ho  dmt  11  knowledge  nf  the  orrui'H  at  the  oaiilor 
liiHiaiitH  w  ould  not  hol|ia  pcrniiii  to  |n‘oi|lo|  dioorror 
at  the  later  iiiHtaut. 

It  Ih  oloar  that  tlio  dry  mu  oitui'n  lire  oorrolulod 
nIiioo  tlio  ohuhoh  of  the  orrui'H  at  dllToroiit  liiMtantH  are, 

In  |io it,  the  hii mo  or  related,  However,  If  It  wore  true 
that  the  orrui'H  wore  imoorrolntod,  the  cnloulntinii  of 
S,  mi  oHthiiulo  of  dm  ox|ioctod  niiivIvhI  prolmhlllty, 
would  lie  ouiihIi  lorn  lily  Hini|dltlod,  TIiIn  In  hooaiiNa  dm 
i'x|«'otoi|  value  of  11  product,  uf  NtiitlNtloidly  hide* 
pendent  fantui'H  In  die  product  uf  the  expected  vitlni'N, 
Accordingly,  oi|iiitlluii  (I)  would  Imply  that  tlm  ex- 
imt'lod  vitlito  uf  m  In 

(I  -  /’,)  ...  (|  -  /»„), 
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when  /*i,  •••,  /'»  tun  ron| leotivoly  the  nx|i«M*ii»i| 
vtiluon  nf  p„  ■  *  pn.  Tin'  offwit  of  wiitil  t'orfi'lntliio 
will  ho  Importimt.  to  tits*  ox  toot  to  wliioli  tho  oltovn 
pi'odtiot  full*  to  tippi'oxitmilo  tho  expoofed  Vllllio  of  h, 

A, . .  iitlioi  tliliiKB,  mto  of  flro  wit)  ooftolnly  iilToot 

tho  Import  twee  nf  tho  Horlul  eniToltithni, 

Olio  limy  llltiMfrnte  tho  effeot,  of  tho  oiiri'olullnii  of 
i ley  rim  oitoi*«  hy  tho  follow Iiik  oxiiinploMt 

IlhiMlralhm  I.  t'liiwlitof  lwn  lion  I'nnlonl  nyHleiH*  A  mill  II 
Hii|i|iiihii  Unit  nyulMii  A  I"  Imlf  mi  mul  Imlf  off  llio  liii'Ki't  ilmtiiK 
mu'll  din,  unit  t hot  nyxli'in  II  Ih  onllii-tv  mi  1  !"•  Im#i'l  'I"1'1"* 
Imlf  llio  mim  mul  millii'ly  off  ilnrlnx  I  In*  utlior  tmlf  Amiihm 
Hint  tmllot  ill»|N>rnlnii  I*  Horn  mul  llmt  mu'  lilt  ""  1 1"'  *  mum, 
mmlil  ilmiliny  ll  Vwmmi’  (iw  ivo  >1"  t limnicti"iil )  tlmt  » *>i’ 
tire  im  in  I  I'itt  nyMi'in  llwlf  I"  liivnlni'inliln.  (Inn  «y»lmii  .1  "til 

(lion  iloKldiy  III!'  tmxot  ill  nil  . . .  mul  nynloiii  / 1 

will  ilonlmy  llio  tmx"l  In  mil.v  Imlf  of  tin . . 

NovorllioloM,  llio  iiiiilnililllly  Hint  mio  nlmt  will  iNmy  ll"' 
Inritol  I*  llio  hiiiiio  fni'  Imlli  ".vnlonii  l''"i‘  IIioko  two  »y»li'iii>-, 

-  /'»  -  ll  l>. i  -  ll  Ih  “  h 


Thim,ll'tlio(|iiinitlty  (n  -  l/2)*(l  -  #)  l« miff loltm fly 
Mtnitil,  tho  I)  orlt  of  Ion  will  ho  oipilvulont  to  tho  l>  erl« 
ioi'hiii,  If  tho  (piiintity  Ih  ImWi  tho  oritoila  will  Ins 
OBBOIltlllMy  lllfToi'OIlt, 

lihmtiiitloti  2  in  mi  oxtfonm  ohmo  In  tho  wiwn  tlmt 
Hyntoin  A  ooiitidiiH  no  m'fliil  nniTohdlott  tit  nil,  mul 
nystoni  H  eonlitlttN  llio  itltliimlo  of  punitive  wt'liil  oer* 
I'iolnt Ion If  olio  ot'i'or  In  won,  nil  other*  im*  *oro;  mul 
If  olio  omif  I n  different  from  »oro,  nil  non  very  l«f*o. 
Jt  Ih  pownlhlo  thnl  mil  lli'o  omit  nil  xyMlonw  oxM 
ivliloh  ooiitiihi  iii'uullvo  miToliitloiii  tlmt  Im,  In  wliloli 
thoio  will  ho  n  tomloiioy  for  tho  m.vbIoiii  to  «nt  on  llio 

ttii^ol  whon  ll  Ih  off,  or  vloo  voi'hii,  It  nd«ht  In . . 

jootnroil,  however,  thnl  tho  /’  orltorlmi  will  ho  ndo- 
iinnto  whenever ll  Ih  inlo(|iiiilo  In  tho  I  Hunt  nil  Ion  2, 
for  ii,  ll,  mid  ,t  thnl  nro  ii|»|»i« »|ivlnto. 

|l  |„ih  I . .  polntod  out  M  tlmt  Ihoro  uro  oiihoh  In 

whli'h  ho  rln  I  oom'liilloii  will  Inoroiiw  llio  pool  nihility, 
omit  i  n rv  to  it h  off oo I  In  IIIiihIi'iiIIoiih  I  nud  2, 


It  him  Iiooii  omijoelni'od  t lint  llio  oontniHt  In  Ilium 
trillion  I  Im  pni'tl, V  duo  to  llio  iilwoiioo  ol  illMpoi'Hlnn, 
mul  thnl  n  omiipnrlHoii  of  h.vhIoiiih  on  tin1  IuihIh  of  llio 
i|imntllloH  ll  mid  /’  would  nivo  ohhoiiIIiiII.v  tlm  hiiiiio 
romtll*  wlion  tho  dlHpoi'Hlon  Ih  Inruo  «'oinpnrod  to  tho 
tni'Kot, 

Tin,  rondor  nni.VKt'l  hiiiiio  limlnlil  lido  thin  ipientliiii 
|,y  ontiMldoi’hiK  llio  I'oIIowIiik  nmdltlonlloii  of  IIIiim- 
I  nil  Ion  I 

lllimlriiliiiii  !,  I 'imihIiIi'I  iwn  lid' i'"nli"l  HyiloniH  I  mol  ft. 

I,,, I  n  |„,  tiny  (iiwtilvc  nmnln'1  Ii*»h  limn  'mil > 

du|i|Mwi<  I lu,i  H,v»lmn  I  I*,  mi  llm  iivonix",  Hijimii'lv  mi  llm 
Imi;,  I  tlurliiK  "  mli  (mil  mnl  t milts  ',ff  tin*  ImiO'l  dmlni,  n 
(I  mill  |i,ii't  nf  i  n  i'li  inn,  nil  dry  run  mim»  Im’Iiik  Mnltftli'iilly 

|||l|l'|H'lll|l'lll 

Hii|i|mihii  Hull  HyHti'iii  II  t»  t'lllini  Hi|imn'ly  mi  nr  Imulv  <m  ill" 
Im U,,|  ilniinu  Hu,  nnilri'  mn,  mnl  hii|i|hih"  Unit  Hi"  tlr«l 
lilllly  iii'I'iiim,  mi  llm  nrmiiKi',  fur  ii  «tli  |mrl  "I  nil  ll"'  rmi>*.  mnl 
I  ln>  mmiliil,  Ini'  ii  (I  w>t  Ii  pill  I 

TnkliiK  Into  ni'i'minl  tmx"t  "Ur,  vnlni'i olilllt v,  mnl  ill»|M'i- 

. . Im  ,  In,  till'  prnlnililllty  Hint  n  «lnitl"  hIimI  will  iloHimy 

llm  tmxot  wlmii  llm  mini*  Ih  mi,  Hiiim” Hmt  »'  hIiuIh  mn 

Hi,., |,  mill  I  In,  I  tin . Killin'  Imxnl  »lr"  l«  I  niton  n«  ""imlnnl 

fur  nil  ll  hIimI h. 

Tlimi  llm  two  hjhIi'Iii"  Im""  "i|iml  o*|i'"l"'l  "toxto  Hlml 
priiliiililllll"", 

/'  -  #i, 


llmvovi'i',  llm  "*|H’i'tiwt  i|"Htiii"llmi  |iriilmlilllll"H  fnr  llm  twu 
Hynli'HiH  III"  (mull t tnit  iIi’IhIIn), 


Arnndllnxly, 
Ih  m  . 

t*  I 

Ih 


/ 1,4  -  I  —  (  I  «•)", 
lit,  -  ff[l  “  (I  **  »)"]■ 


i(l  —  9)  f-  lilxlmr  iHiwiTH  nf  i. 


m.n.n  Ciilruliil ion  of /».  ProhiibllHy 
Tlml  ii  Shot  with  f»l veil  Dry  Him 
Krror  Will  Dim  troy  !'iirtn*t 


i im  mnwiili'i  tho  oiiho  ol  n  ooidnol  or  proslodiy 

fiiKo  hot  (,r,//i  ho  . . .  with  iirl«ln  ill  llio 

,1'iilor  of  viiluoi'iihility  of  tho  tur«ot  In  n  plmio  |ior- 
pmiillriiliir  to  Ho-  irnjooiory  of  l ho  nvonino  porfoolly 
piojoolllo  (hoo  I'lxuro  d),  Htrlolly  HpoukiiiK,  the 
trujootnry  Ih  to  ho  liikon  roliilivo  to  llio  tni'Kot,  I  lint 
Ih,  llio  li'iijoi'tiii'.Y  Ih  to  ho  llio  Hint  lull  of  llio  pl'njoolllo 
ii  h  vlowoil  In  ii  1 1  llio  liil'ttoi,  Tho  roil  hi  hi  lor  iIiIm  Ih  llmt 

I I, ,,  ,.|f|,"t  III  llio  lilt k  Oil  llio  liirnot  Ih  duo  III  pint  lo 

III, '  vi 'Ii ml ly  ul  llio  lillllltK  plll'tloloH,  rolill  Ivo  In  llio 
tuiW'l, 

( ‘.iiiHlilcr  mu  liiHlniil  ni  w lilfli  llio  dry  rim  oil . in 

(n,fit  ll  h  ui'iiornlly  iiHHiimi'd  tlmt  tho  nolttnl  orroi'H 
(,r,y i  ul  tnijooliirloH  of  ronl  proJootlloH  nro  dlHlrlhutoil 

iHirmnlli/  id . .  («,/*),  thnl  Ih,  tlmt  tlioro  nro  ipiiuitl- 

tli'H  im,  xti«i  fun  hiii'Ii  tlmt  il(<r,i/)il.nlp  IhIIio  pinlmhlllly 
Hint  llio  hIiiiiiIIiik  error  will  lie  in  u  reeltiliKle  of  hIiIoh 
(/,i,i/;/  pundlol  In  llio  iim'h  nhoiil  (,r,//),  where 


"a, U" 

Q  _  "  ,1)0/  ”  I»1 

A 

+  Mu (//  ~  ft)*]' 

A  *•  muM)h  “  mIio 

lliii'u  in,  mill  pw  uro  onllotl  tl;o  i  <ar  mi  ii  m  of  4'  mid  y, 
roHpi'Otlvoly,  mnl  mmh  Mm  rom'imw  of  #  mid  u<  Tl'*,w' 
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((Hiinlil  lcH  in v  prmnmed  known.  In  many  pmm,  I  lie 
pattern  In  taken  hn  rl>-  Nyiiiinetrle,  tlmt  In, 

an  "**  Hn 'm  t1  and  un  ®s  d,  whom  a,  the  etniulanl 
tlevintian ,  Ini*  known  s|iiiint  Ity.  HuIHnMi'  tnlile*  alii  mill 
icivo  vhIiion  erf  the  gV,  at  tea* I  In  the  en*o  irf  a  Used 
target  mid  flxtui  gun.  Wlien  the  turret  motion  In  hit* 
poi taut,  tiihloxdoHerlhhig  the  behavior  of  a  proximity 
I'll  me  Nlmnld  nive  appropriate  vnliieN  nf  the  g'a,  lit  the 
eiiNe  of  a  eontaet  fame,  the  target  mot  Inn  In  probably 
unimportant  The  vai'InneeN  and  enviirlitn<aw  ace  iIIn* 
plum'd  furl line  In  Heel  Ion  It), .1,2. 

At  a  pnrtiruinr  IiinIiiiiI  of  a  run,  the  dry  ran  error 
a  III  ant  .**  known  exactly,  Italher  (a,/t)  w  ill  lie  the 
dry  run  error  contaminated  hy  a  nieneamnrat  error, 
II'  iietaal  oltN*>rvati«nN  are  involved  In  the  delerinhin* 

I  lull  ol'  ’I'he  aa'iiNiireaieat  errorN  ean  lie  “hailed 

I I  will  lie  aNNinaed  t  hat  the  measurement  errol'Niire  an* 
hiimed  tlaivi'  menu  (It, hi l  and  have  known  vnrlaiiePN 
and  covariance  an,.,,  nn.«,  and  moi.w,,  i”"«|»i Ix’edy, 
then  It  ran  lie  nIiowii  that  instead  ol'  the  aonaal 
I'iiim’I ion  f/(,r,//i  alien  ahove,  one  nImhiIi!  axe  the 
aonaal  fiinelloii  f/"*(.r,/y ),  ohtaha'd  hv  rophielug  Hie 
vnrinarex  and  eovarlaare  of  gl,r,n)  hy 

no  an, Hn  ™  am, « ;  am  —  au,«n 
rea|ieetlvely,  |irovlded  the  latter  ditToronce*  are  non* 
negative. 

The  ahove  Niihtrnetlon  of  t lo*  MieaNtireiiieat  vnrl- 
mn'PN  and  eowirlniioo  In  discussed  la  two  report m,"1"  ** 
I'liat  the  Nahtraetloa  In  reiiNiaiahle  ran  he  wa  n  iin 
folloWN,  ('oiiNlder  a  hy|iothetieal  eiiNe  la  whleli  the 
ineiiNareiaeat  MirlaueeN  and  eovarlaiii'e  precisely 
ei|ind  the  hallet  varlaaeeN  and  rovarlanee,  re¬ 
spectively  la  *ueli  a  case,  the  ineiiNiiieiiieiit  elTeelH 

which  lire  present  la  the  . . .  dry  ran  errorN  are 

NlatlHtleally  prei'lsi'ly  thoNe  which  would  lie  present 
la  a  shouting  text.  In  the  latter  text,  the  ladlet  error* 
would  replace  the  uiciiNiireuicot  error*,  luder  oar 
hypothesis,  the  two  are  eipilvnieat ,  Aeeordingly,  no 
farther  dlMpeiNioa  Hhould  he  addl'd  lo  that  already 
preNeat  due  lo  uienHiircmea!  errorN;  the  varlaaeeN  mal 
covariance  should  he  *eru, 

Let  A(,r,// )  he  the  probability  that  a  prajeetlle  with 
error  (j,//)  will  destroy  the  target,  Hlnee  the  origin  In 
the  eeater  of  vidaernhllity  of  the  target,  <(,r,f/)  will 
vhiiInIi  when  (r,g)  I*  Niilllcleiitly  far  frota  the  origin, 
The  prohahllity  that  a  who!  at  an  la*taat,  at  which 
the  recorded  dry  ran  error  In  (a,/*)  will  diwtray  the 
target  *hoald  he  taken  a* 

/»  /*  w 

I  0*(.r, //)«(, r,j/)i/,rd// ,  (SI) 

*  «J  |/  ■*  'SB 


If  Iho  fane) Ian  <J  In,  except  for  a  ennsUnt  fnefor, 
IlNelf  normal,  that.  In,  of  the  form  of  flte  function  //, 
theahave  Integration  can  he  carried  oat  explicitly, 
It*  any  eiixe,  the  faaetlati  t  ean  bo  approximated  hy  a 
eoMNlaat  llaio*  a  normal  function.  In  thin  way  It  ean 
he  shown  that  llw  iirntmliilitt/  af  ikelruying  the  target 
with  a  x< ugh  eh  at  fn  itgiwofiniatelg  equal  la  a  lumrimi 
multifile  iff  the  value,  at  the  renter  af  vulnerability  a/  the 
target ,  af  the  normal  firohobilily  ilmeity  irith  mean  at 
the  venter  af  the  bullet  feitlern  anil  with  van  an  ere  anil 
mvannnre  rqnal  rim  fieri  ivrln  la  timer  of  the  vuhiernbililn 
ilielritmtiun  glue  thane  of  the  bullet  ftnUern  free  timer  of 
the  meoeurrinrnt  eiTore,  The  v arid  nee*  and  eovai'innee 
of  the  vnha'nddllty  <IIhI rihut |« m  referred  to  are  do* 
lined  an  follow*. 

Huppuxo  that 

/•  •»*  /»  <*i 

I  I  H,r,gul,rilg  ■*>  r , 

Hlnee  the  origin  of  eoordlnutoN  U  at  the  eeater  of  vttl 
liornhllily  of  the  large), 

I  I  ,i‘M.r, //)<(. n///  «•  j  f  //A(,r,//)</,rd0  ■*  I). 

The  vio'laaecN  and  eovarhun'e  of  the  vulnerability 
distribution  are 


on," 


Hi  t),i- 


Hn,¥ 


jr,li(.r,n)ilj'ilii, 


.r//i(,r,  //)*/,  tilfi, 


//“A(.r,  i/)il,  nig. 


The  italielxed  iiNserlhai  ahave  In  eipilvideal  to  the 
following:  The  probability  of  destroying  the  target  In 
approximately  e  lit  tie*  the  value  af  u  al  ,r  *  It ,  tt  *■  It, 
with  an,  go,  an  replaced  hy  go  4*  go,'  *~  gu,«; 
gin  4  Hn.i  an.m!  Mn  +  Mis  —  an,* «  reaper!  Ively, 
For  a  proof  of  the  nmerlloli,  the  reader  Is  referred  la 
an  AM  I1  report,'** 

The  Applied  I'll, vale*  hiihornlory  of  .IoIiiin  llopklns 
I'olverslty  lias  found  that  the  prohahllity  that  a  shot 
will  destroy  the  target  In  approximately 


kiP 

*1"  4  2 


*>  ,<*  r»5» 


(kirtP)  ■  .  l»i«t"i'  »'i 

**K) 


where  k  ami  il  are  const  nuts  (operability  and  radlitN 
of  lellml  nrea)  npproprlnle  to  the  purtlcitlnr  fain  ami 
target,  *'J  In  a  vnriaaee,  and  h  In  the  radial  dry  ran 
error,*1*  Till*  formula  In  of  the  lype  that  we  have  ]u«t 
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dlsciiwed,  except  (tint  the  moiiHMromoiit  enure  itre 
excluded,  prohuhl.v  no  Imlng  »F  *»ndl  IhHihmh'o. 

iti,2,t  l*roet*tli»m*  for  EmIIiiiuMuji 
Ex|HM>tif(l  Hurvlval  l*rolml>llity 

Wind  initv  In*  termed  l  lie  dlroel  procedure  for  cotl- 
niKtttijK  tin*  t',v|i('(i('il  eiirvivul  prolnihlllly  lino  Iweu 
Kindled, *'  “Tin*  prueediire  In  loi'iili'iilnli*  I lio wnrvlvul 
|mtl mhlilty  o  for  each  ilry  run  noonrilhiu  In  (In* 
iWmnln  fi)  mul  In  dike  no  S,  tin*  I'ollmiili*  of  tin-  ex¬ 
pected  oiirvivnl  fimlnilillliy,  iln>  iiveniRe  of  tin*  o'o  for 
dm  Inillvlilinil  rune.  If  tlcolrcd,  (In*  mu*  can  !>•> 
kIvoii  different  ivi'iutliloln  lln‘iivi>m»tln«,  Tin* «*hI liunti* 

I)  of  | In*  i * \ | it ■  1 1 ‘i I  ilooirin'llon  pmlmhlllly  lo  tlion 
I  -  S, 

Tin*  direct  |iriM*i*iliiri<  lino  lln*  inlvmdiiKc  Hull  no 
o|n*i,inl  hypodmolo  lo  mm  ti*  no  In  lln*  nullin'  of  I  In*  •  I  ry 
run  error*!  limy  nn*  token  no  uhoervcd,  It  lino  dm  ml 
vioilngi*,  nloo,  (lint  I  In*  rnii'iiln  I  Ion  io  fairly  olnipli*. 

It  lino  dm  illoinlviiiiln«i'  dull  dm  i'iiIi'iiIiiI ion  nppi'iii'o 
to  pnooi'oo  itri'iit  iiilrlnoii'  \  n rln I d i i •  y .  II  llrn  dry  run 
erroro  I'oiiolililli'  n  noriiml  uulveroe  Inf  in  dinn'ii- 
ololinl,  dll'  pi'oi'l'llliri*  lo  oilldol ii'lllly  lliollii'ii'lll ,  i  (mi 
|o,  cxlrimto  I'rniii  lln*  ilidn  n  li'oo  roilnl »li<  coiii'htolon 
dill II  olic  to  In'  di'oi'l'llmil  helow 

It  olionld  imrlmpo  In*  noted  tluil  olnllolii'iil  etll- 
tdi'iii'.v  lit  llrn  expettne  of  experimental  or  imitlm- 

1 1 in t Icn I  olinplli'lly  lo  not  . . oom'liy  it  kwh  I  ilium 

Uvcndl  ellli'lt'lii'y  mid  ooimdimoo  lire  deolred  for  llrn 
Invent Ixni Ion  It  tony  lm  enoler  to  lire  lour  dines  no 
Hinny  projectiles  or  plinlnttriipli  four  llineo  no  intiliy 
dry  rnno  mid  then  execute  leiitllvely  onnple  culeiiln- 
t li him  t linn  It  tvmili I  lie  I n  I'nrry  out  n  eoniplex  Inveoi I 
Kilt  loti  of  llrn  li'otlllo  of  fetter  I'lilio,  It  Imo  lieen 
pointed  out  tluil  u  procedure  tvltii'li  lo  oliitlolicidlv 
elHclcnt  for  n  iiurimd  uulveroe  limy  In*  dclinllely  lu- 
idilr ieti t  lor  li  linlveroe  which,  in  oonie  oenoe,  io  rinse 
to  Imluu  norninl. 

The  direct  procedure  lino  I  men  curried  out  in  u 
until  Iter  nf  Inveoi  t«n  I  Ioiio,  Nunierlcul  reoulto  uii'nlven 
in  two  reporlo,1"  11 

Aniillier  rcporl  “  nlon  preoento  two  iiilernntlve 
met hmlo  for  nollmiitlliK  die  expected  oiirvivnl  prolni- 
lillltt  Tlieoc  prnlinlily  pooocoo  Icon  Inlrlnolc  vurl- 
iilillity  I  linn  lo  preoeid  In  the  direct  procedure,  The 
nmdiodo  lire  Imoetl  mi  tvlml  tuny  he  enlled  it  Ity* 
puflmolo  of  r/wno**fe»if//  ernir:  tlnit  the  dry  run  error 
|o  dm  Mini  nf  two  cniupiumiit*,  the  llrol  of  which  lo 
the  outlie  ul  die  wnue  liiotmd  of  nil  rnno  eonolderetl 
unit  lo  eidled  the  error  in  menu  point  of  liiipiict  nr  dm 


ipiHoi-oteudy  error, 1  mid  flic  oeeond  of  which  lo  it 
lliiclnidiliu  error  which  puooeooeo  no  oerltd  cort'elit* 
Hon  from  inotinil  lo  Inotmit  hIoiik  a  run.  The  ipmol- 
otciuly  error  might  lm  tioottnted  ron-lmd  throuiihotit 
ofmiitht  rnno,  or  It  might  lm  oliltilned  liy  it  omoodiing 
of  recorded  dry  run  error*. 

The  liypotlmolo  of  i|iiitol-Hteiuly  error  linpooeo  mi 
the  dry  run  erroro  n  pnrtleillnr  type  of  eurrehidoft, 
Klioto  id  illfTereut  iuotniilo  lire  reluled  hi  thut.ench 
Imo  it  i|iiiioimtcmly  ci  mt  ril  n  1 1  lull.  Tlmne  ronlrlbildouo 
me  fniictlonully  relnled;  In  other  reupccto  the  olmto 
me  hide|u*iuleiit.  It  lo  Hot  known  whether  the  Ity- 
pot Imoio  of  i pinol-ol eioly  error  lo  u  nociiil  Ideal  Inn  dim 
of  the  net  mil  hchnvlor  of  dry  run  erroro  or  not, 

The  cidcnlntlon  of  the  expected  oiirvivnl  prolm 
Mill y  lo  deoerihed  11  In  the  cnoe  In  which  the  filin'- 
I Imiii I  nml  oliillotlcid  churnctcrlodco  of  the  dry  run 
erroro  lire  known  nod  In  which  the  otiidotlcnl  cltnr- 
lo'lerlollco  on*  lliooe  of  u  liol'inid  inilveroe  of  in  ill* 
ntciioiiiiiid  vccloi'o,  when'  n  lo  dm  iiilioher  of  olmto. 
When  die  of  n  Hot  leu  I  cliunicteriotlco  ore  Indeed  nf  Hilo 
oort  nml  ore  known,  the  culcidiil kill  ili'oerllied  lo  die 
moot  deolmlile  from  die  |iolnl  of  view  of  otiidotleul 
elllcleiicy,  \  iiroeeiliue  w  hich  mudytteo  l lm  dry  run 
erroro,  eolluiiileo  the  viu'iiiui'e-eoviil'inuce  iniitl'lx  of 
their  |treouuied  norninl  inilveroe  ot  in  illnmiiolnuo, 
mul  llieii  codiunteo  die  oiirvivnl  proliuliiiity  liy  the 
miidyolo  ni v on  In  dm  report  1,1  would  preoiimnlily  lm 
tlm  moot  elliciciit  procedure  otnllollculiy,  provided 
I  lie  inilveroe  were  Indeed  of  dm  type  nooiitncd  Hiicli 
n  eiiii'idnllon  would  In'  i|idte  Involved,  howevi'l'i 
nun  mu  oilier  tliiiiKo  ll  would  reipdre  the  evidiudloii 
ot  deterndumito  of  order  in  or  in  d  I. 

t ‘ertiilu  iioouiiipl louo  nf >i mt  the  lieiutvlor  of  oiie- 

ecoolve  dry  run  erroro  which  would  nuikc  tin . mpu* 

I, it hiii  of  the  delernilnnnto  referred  io  oonmwlmt 
simpler  lire  ouhri'oI ed 1,1  The  complexity  of  die 
method  di'-et'diei! 1,1  dependo  very  lunch  on  the  iilltu- 
lier  of  olioto, 

lit, 2, n  Hi'porl  of  Aiutlyol*  of  Dry 
Him  Error*  Oliluincil  on 
Dynumlf  IV»lt*r  '* 

Heverul  vurlnnlo  of  the  Army  M-11  mul  T-lft  ill* 
reel  nr*  itoed  with  preoi't  finseo  tire  couolilereil  lit  u 
I'eport  111  Tlieoc  were  oltulletl  In  (lie  <l//n<mit'  feoler,  u 
device  which  iitukcn  It  pooollile  lo  feed  flu*  omim  ah'* 

11  In  llilo  nml  ouccccillnn  oct'dmio  we  olmll  non  Ihc  term 
itirriinr  m titer  I  hull  prwffefiir  oliti'o  nit  liflillini'rttitil**l  refer* 
(*(((, no  iiifnpt  tillo  IIOHRe, 
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nmft  enurne  Into  neveml  dlrectm*  and  to  record  the 
ciry  run  error*  for  ouch  director,  Only  the  mdlal  dry 
iim  error*  lire  lined j  the  direction*  of  tlm  point  of  iilin 
let nn  tlio  trim  point  ol’  nlin  nro  not  lined,  Tim  radial 
emir*  uro  Icriuod  "vector  emir*”  In  Mm  report. 111 

The  nullid  error*  were  rci'ortlod  nt  ,A  or  I  not*  Inter* 
vain,  Hovoml  of  tlm  rniirwn  fed  Into  tlm  ton', or  worn 
•'lined  on  flight*  of  enemy  ulrernft  ov\r  hnglmid, 

The  met  hot  I  of  comparing  tin'  directum  won  to 
coin  pin  e  tlm  nvemgen  of  the  nlugle  nhnt  pruimhlllllcn 
/»  of  dentrnylug  the  target  nt  nil  tlm  firing  innfantn  of 
eneli  run.  Thin  nielhotl  of  ncnrlhg  In  noaud,  If  tlm 
effect  of  nerlal  corrclntlnii  In  nnimportiml 
Tlm  uhnerved  tllfferencen  In  dlrcftnm  found  11  wore 
lor  the  niont  piirt  ninitll,  Among  the  lludlugn  were  tlm 
follow logs  Tlm  T« 1  ft  with  curved  tllulit  prediction  imtl 
n  nlunlllciintly  higher  menu  neon*  l linn  the  nmim  dl- 
reetnr  without  enrvnlure,  although  the  ininilmr  of 
eon rnen  oil  « lilt'll  ench  wan  hotter  mm  the  nmno.  The 
M!t  direct  nr,  with  cnrvntnre  cnlciilntcil  from  the 
necoml  derivative  of  rectangular  coonilmitcn  mid 
"llh  hcc  nmimthhig  time  for  the  Hint  dcrlvnllvc 
Mini  SKI  nee  ninoothliiK  time  foe  the  neeoml  dcrlvnllvc, 
hnd  n  nlgnltirnnlly  higher  menu  neore  limn  the  T-lft 
direetor  with  curved  lllgli!  preillelloii. 

in., t  CAMH'I.VIIOM  OF  IHtV  |(|  }\  HKHOIIS 

ll  limy  he  ol  Intcrcnt  to  itlneimn  impeetn  of  the  eal- 
enlntloii  ol  the  dry  run  error*,  nhme  the  entire  dln- 
cimnlon  of  Section  10  2  wipponed  that  tlm  dry  nm 
error*  were  nvnilnlde  tontnrt  with 

tn.ll.l  Iturklng-iip 

Sii p| nine  Hint  for  eneli  dry  nm  there  In  nwilhdile  n 
reeon I  of  the  target  olid  gun  plntform  mol loim  nnd  of 
tlm  |*mi  netting*  tluoiigliinit  the  entire  engagement, 
tine  ••mi  enleiilnte  the  dry  nm  error*  hy  hacking  up 
fi'iin  Impact  lent  nut  n  to  llring  limimitn  in  Hie  follow- 


eiiHned  In  Heel Ion  10.3.3,  '11  le  coordinate*  (i tire 
liioellmin  of  the  elnek  time  I;  accordingly, 

<h  *■  q\((),  <H  m  <h(i'h  <n  m  f/» (t), 

’I'o  compute  tlm  dry  run  error,  nturt  with  »n  arid* 
Irury  hint mil  I  *»  It  which  In  tuken  to  I  mi  an  Innhint 
nt  which  n  perfectly  alined  average  nhcll  would  lilt 
the  target,  The  target  would  then  have  conrillrtiiten 
'li(h),  </»(/»),  r/ii(fi).  In  ternm  of  I  hew*  coordinate*  nnd 
the  motion  of  n  nluhle  eoordlimle nyntem,  the  hnlllntln 
tiihlen  give  the  time  of  (light  1/  of  the  perfectly  alined 
projectile  to  the  Impnel  point,  Then  the  firing  Inntant 
tor  the  perfectly  nlineil  projectile  innnl  have  Imeii 
I  “  h  “  1/  m  it,  N’exl  look  nt  the  record  of  gun  net* 
lingn  mid  nee  wind  the  netinil  gon  nellhign  were  at 
I  «*  n,  The  Indllntlc  tnhlcn  give  the  |  emit  loll  niter  1 1 

w . .  of  no  average  nhell  tired  lit  I  *  n  with  tlm 

ol 'nerved  gun  nettingn,  The  dlnplneeiiietll  to  thin  ponl* 
Hon  front  the  point  (“1/1(6),  i/t(b),  i/,(/i)J  In  tlm  dry  mil 
error  for  the  projectile  tired  at  f  «  n  Thin  dlnplnce- 
110*111  In  n  I’eelor  which  nhall  lie  denoted  liy  e,  (Him 
Figure  3.1 


t  oo  mi.  II.  Tinji'i'ioili'n  i(*  viii loil  from  1  ft,,  ale  iohnn 
umi  from  tlm  lime'll  V,„  ii'IiimIiiIiik  vcMty  of 
jei'llli'l  Vi,  IiiikcI  vi'tni'11,1 1  »,  itrv  nm  error  1  (lliiw 
vei'tom  mi!  uni  nei'i'xwirili  ni|i|iimii  ),  y  »  y(,  _  y,t 
vct'H’llv  of  pruji'i'llti'  relnllve  In  I «  ucll  *♦,  ||ie  pro* 
Jl'l'l  loll  of  «  nil  Mill  tlllllll,  |ll'l||l'||l||{'(|||,|.  Ill  V 


lug  wny.  On  the  Inmin  of  the  recorded  mntlonn,  mm 
can  enleiilnte  cooidliintcn  (»/„•/*, yd  of  the  tnrget  In  n 
coordinate  nynlem  wldeli  In  ntalile  during  tlm  time  of 
lllglit.  Mint  In,  which  iloen  not  mil,  pitch,  or  yaw,  nnd 
which  movoM,  It  nt  nil,  with  11  cnimtnut  known  tiiuin* 
hitlnnni  velocity.  It  In  prenumed  Hint  the  center  of 
immn  of  the  gun  plntform  mnven  with  a  cunntnnt 
known  velocity,  If  the  gmi  plntform  mnven  with  a 
ktmwti  Imf  varying  velocity,  the  eulcithdlou  of  dry 
run  errnrn  In  more  complicated.  Hf al dliKut Inn  In  dln- 


tn.u.a 


Iky  Kim  Ki'rur  lYrpoiiHIcitlur 
l«  HiiIhIIvi"  Trujcotor.v 


In  tlm  caw*  of  n  proximity  nr  contact  fine,  Mm 
pertinent  dry  run  error  In  tin*  projection  of  the  full 
dry  mu  error  «  (dlncunwd  In  Hectlon  |t),3,|)  on  tlm 
plum*  pcrpeinlicnliir  to  tlm  relative  trajectory,  Jmfc 
Mm  project  Ion  of  •  mi  t  he  plane  perpendicular  t  u  Mm 
relative  trajectory  he  the  vector  #*.  Jmt  V  he  the 
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velocity  relative  to  Hio  largol  ol‘  a  perfectly  aimed 
average  projectile  nt  the  Impact,  Instant  t  «■  /*;  V  Is 
tin'  mmtlulng  vector  velocity  of  Hie  projectile  lews 
the  vector  target  velocity,  Then,  hIiico  •■VI*  the 
projection  of  •  on  V  iniilll|illc<l  hy  the  length  of  V, 


it*  cun  lie  seen  from  Figure  It,  This  rclntlmi  pcrnilt* 
one  toolilnln  the  error  t*  perllneiil  lo  it  proximity 
or  contnct  fuse  from  the  full  error  •  mid  the  rclitllvo 
remaining  velocity  of  (he  project  lie,  In  ninny  enlen- 
Intlonw  only  the  length  of  the  vector  e*  will  lie 
neetleil  Till*  length  I* 

le  ■  Vi'  i 

11  r  ■  r 

Since  the  lime  of  flight  of  the  properly  nlmed  mid 
not  unity  iilmeil  average  projectile*  nre  the  hiiiiio,  the 
vector  •  will  lie  npprnxhmilcly  perpcnillciiliir  lo  the 
line  front  the  gun  to  the  target, 

At  llo<  linplicl  1 1 in l n n t  I  •  It,  the  wot  of  nil  projec¬ 
tile*  1 1  in  t  might  hit  ve  lieon  llrcilnl  I  *■  n  precisely  n* 
nlmed  In  the  dry  rim  const Itnle*  it  Iliree-iliinoiiHhnnil 
put Icrn  nhoiil  I  hell  average  poHlthm.  Their  vhiellle* 
rehitlve  to  the  Iiii'kcI  "ill  dllTcr  from  V  hy  negligible 
iiiin unit h  n*  fur  iih  cstlmiilhig  the  error  I*  ennecriioil, 
Accordingly,  the  Ihree-dltneiiNlotinl  |inllerii  mny  In* 
projected  onto  the  plnno  through  the  target  per- 
peiiillenliir  to  V;  Ihi*  Rive*  the  t wiM|iincii*loinil  put- 
lern  thnt  wn*  con*hlereil  In  Hecllon  111.2  7.  (Thl* 
<|iieHlioii  lo  the  ciihi'  of  cnlllier  It. All  Inillet*  I*  dl»- 
eii**ci|  In  n  report. 'h 

The  viii'lniiec*  noil  coviirlmice  mo  *■«.  mid  co  "f 
the  twn-dlhiciislnliiil  put  tern  "III,  strictly  speaking, 
depctel  on  •  iilnl  V  l*’nl nre  Ntndle*  of  viiliicrnhlllly 
n  in  I  Id  i  id  mi  I  le*  would  *eem  uptn'oprlnte  to  <  let  en  nine 
il  vet'll  Re  or  Hiillnlile  nil  lie*  of  these  Viirlnnee*  olid 
covminiice, 

III, ,'t, it  St nliill/.iillnn  of  ( tliservnl  Iiiiih 

from  Hntuliug  (imi  I'liilfnnii 

The  cnlciiliilliiii  of  the  Hlnhlllxcil  coordhnileM  from 
ciiordlinite*  relntlve  to  n  minting  gun  pint  form  nlnl 
iticitHtireiiieiil*  of  Ihe  rnlntloii  of  the  gnu  pint  form  I* 
it  prolihmi  which  wn*  coiishlereil  hy  AMI*  In  theensc 
of  Hlrlmrne  lire  rmitrol  Nvstems,  The  method*  npply 
to  the  iHitliilrei'iift  cn*e  nlnl  nre  n*  follow*. 

An  nlowlnfa  *l(il>iUt,\titm  |*  h  ilclcriiilum  hut  of  target 
coordinate*  In  it  system  which  I*  imrolitleil  through- 


out  Mm  ent  ire  experiment,  A  hwnl  xinhiU nation,  on  the 
other  limn  I,  I*  it  iletermlimtlon  of  target  enorillrmtes 
In  it  system  which  Is  uiirnt nted  throughout  the  time 
of  Might  of  the  projectile,  Imt  which  Is  not  neeessHt’Uy 
the  smite  fur  oil  projectiles.  If  the  object  of  the  enlru- 
Intlon  Is  In  determine  the  rmllnl  dry  run  emir,  it  lucid 
si  nl  til  I  xit  tlon  I*  often  sufficient,,  The  roitsoit  for  Mils  Is 
tlml  the  noliitl  orror  Is  n  ipmnlily  which,  Itself,  Is  In¬ 
dependent  of  coiirdlnnte  systems.  Whether  it  locnl 
sliihlllxntlim  Is  snlllcleiit  In  n  piirMcnhtr  citse  will 
dcpeml,  In  part,  mi  (lie  deviation  of  the  "up"  dlree* 
lloli  of  the  J oi ci In i In r  stnhlllxcd  eoordimite  sysl<<m 
froio  the  triii*  direction  of  gravity, 

When  n  IihmiI  slnhillxittlim  is  pennisslhle,  tin*  in  I- 
vantage*  gained  from  Its  use  lire  twofold :  ( I )  For  the 
two  Insiniits,  Imped  time  tun!  tiring  time,  only  one 
stnhlllxiit  fun  Is  iieeeHsnry.  (2)  The  u  i  in  unit  of  roll, 
pitch,  mnl  ynw  during  n  time  of  Might  Is  sinitll;  lienee, 
one  mny  use  ecrliiln  dirreetloli  fni'imiln*  which  nre 
valid  for  sonill  rnlnlloiis,  hut  not  otherwise.  These 
foriiiiiliis  nre  llrst  order  eorreetlons,  'Pile  process  Is 
nan  logon*  to  cslliinitlng  the  Increment  of  u  function 
h,v  the  liiiTcmcnt  nlnng  It*  tmigcot  line  Ltienl  stnlilli- 
xiitlini  I*  diseiisseil  In  three  reports. 1,1  va  5,11 

When  nn  iihsoiMle  sliihlllxiitimi  Is  reipilreil,  there 
lire  ditTereiit  |iroeednri*s  of  dilcnliilloii.  Due  tony  use 
the  exocl  lint  eiimhersoiue  eipiill lolls  of  roliiMiin.  A 
second  method  Is  the  use  of  the  gmmnmle  rl  «.'**•  ,u 
\  llilnl  i net lt« n|  Involves  the  followliiR  Idea: 1,4  l''or 
encli  direellon  In  the  cclnslinl  sphere,  the  rhiuigc*  In 
reel  Mi  dlstmit'e  mid  hearing  for  one  degree  of  roll  nre 
fit  If  it  In  t  ft  1  The  change*  for  It  degree*  of  roll  nre  then 
npproxlmnlely  It  limes  the  chnngc*  for  one  degree, 
Till*  iippriixliiiiitlnn  I*  very  siitlsliietoiy  for  rolls  up 
to  7'\  provided  the  target  eleviillmi  Is  under  iilmtit 
<ttt"  Ai'liinlly,  the  liilmlnr  enirei'lloli  lor  one  degree 
ot  toll  I*  not  i  I  nt  i  correction  which  Mould  la*  exactly 
necii  rule  for  such  n  roll,  Imt  nil  life  Mint  correct  lull 
"liieh,  used  In  tin*  " n y  dcseijhed,  give*  the  h(i*t  re¬ 
sults  for  roll*  hot  ween  It9  mnl  78, 

I'lsseiil hilly  the  snltie  tnhle  I*  Used  In  correct  for 
pilch.  After  eiiordhnile*  Imve  heen  eorreelisl  for  roll 
nml  pitch,  the  eorreellmt  lor  ynw  I*  trivial,  'I'hls  pre- 
suines  the  ci invention  tlint  the  change  from  Nliihlllxed 
lo  iiiistiihlliMcd  eoordhnttes  Is  neeoinpllslted  In  the 
order!  ,viiM,  pitch,  roll,  If  other  con  vet  it  Ions  nre  fol¬ 
lowed,  tin*  procedure  of  correction  Is  changed  ne* 
cnrdltigly, 

The  nhove  itieMnid  is  iinnlngnii*  lo  approximating 
Mm  ineremetit.  of  n  function  hy  iiiiu«,*ntriii|t  the  liicre- 
menl  along  a  jitillelmtsly  clmscn  chord  of  Mm  graph 


CONFlDMNTlAh 


KTMHKM  OF  /PXmiiMiltAFT  ICytll'MMNT 


I  ft* 


TIiIn  method  limy  bn  on! »mo Ici I  In  permit  mm  In  (•nr<= 
wet  fur  rut itt It mih  up  In  |59,  Tim  nxtnimlnii  Involve* 
tlm  iim*  nl'  utlmr  liilili'H,  which  wnulil  apply  In  I  hr 
I'iuikc  V  In  lft°.  I'nr  wwli  cniiltli  and  bniirliin,  one  hucIi 
table  would  nh  n  ii  i'uiimIiiiiI  vnlim  nl'  mil  mill  tlm  cor¬ 
rection  In  acidtli  pi»v  dt'Kine  nl'  roll  In  nxcnnN  nl'  llm 
cnimtnnt  iiiiiniint  given  A  hIiii lln r  tnlili>  would  refer 
In  Imn ling,  Tim  iipproxiinidhiti  wnulil  iiguhi  lm  u 
liimni’  mm  (n  chord  nl'  tlm  graph),  but  tlm  chord 
would  mil  piiMM  t IiiiiiikIi  Hm  origin, 

m  i  coKVKii  i  i, it, in  mmtmit 

Till"  Noetlun  give*  llm  icniiM*  nl'  n  tlmurcth'id  ruin- 
piiiUnn  nl'  ii  pnrtleulnr  llimnr  mid  11  pitrllnidor  iptiid* 
nillc  director,  ll  In  pertinent  In  llm  pi'nblnni  nl'  llm 
iIcnIiui  nl'  imw  director*  I'nr  m<vi>i'iiI  ii»iihmiim :  (I)  Tlm 
iimlhndn  iihim I  imiy  lm  NMggnnlh  e  In  nllmr  invextl- 
gutur*.  (2)  Tlm  chim'IonIum  Ihnl  tlm  ipimlriillc  directin' 
wnulil  lm  nl'  iiiiii'kIiiiiI  vnlim  ci otipii i‘i<i I  In  tlm  Ihmnr 
director  limy  lm  nl'  In  I  iu'i'hI  (Hi  Though  piirllriiliir 
director*  nii1  rnliHlili'ii'il,  tlmi'i'  I*  no  rnn*nn  In  ilniibt 
llnil  limb'  pcrfnrnunmn  I*  Iml'miilb n  nl'  llm  perform- 
nnim  nl'  n  wide  clo**  nl'  director*. 

Tlm  work  n|'  AMI*  In  t If Ih  problem  11  ,a  mum  nldeil 
b,v  llm  I'ni'dlnl  Mini  elTenilve  rolli'hornthiii  ul  llm  Hi'll 
Tl'li'plinim  I  nlli it'll Inili'H, 

mi,  1. 1  Type*  of  Director* 

( 'uli*ldcr m  ilili’i'lnr  w  Ini'll  opcrido*  mi  llm  I ikmIh  nl' 

rcetioignhir  . inllnidc*  (,i, //,»,)  of  llm  Ini'Kut :  Tlm 

directin'  I'niitiiliiH  ii  null  wbii'b  convert*  llm  rouge  tun  I 
llm  iiiignlnr  in  n  ti'i  I  inn  I  I'm  nl'  llm  tnrgnl  (ubliilimd  li'niii 
llm  niuglug  iiiiiI  trucking)  Inin  rcctnugidni  eonrdl- 
iinte*  referred  In  nvc*  llxnd  In  llm  directin'  plnlli::in 
(Tlm  iidviiulngn  nl'  Hitch  cot»vcr*lnu  nIciii*  from  llm 
fiii't  llml  llm  coiupnncni*  .i  ,  y,  4  uf  target  vnlimlly  urn 
cnn*find,  whcrco*  llm  rntc*  nl'  cliiilign  nl'  riingc  or 
angle*  mi'  tml  in u'tiuill v  nniiHliuil  wlmn  tlm  target 
innvi'H  nl  m  I'liiiHliuit  vnlimlly, 

Tlm  1'iMirillniitnH  *,#,»  urn  function*  nl'  clunk  Hum,  li 

,r  *■*  ,r(l),  a  ••  //((),  x  »•  t(h, 

At  n  piii't li'iiliu*  IliMtHiit  t  *•  It,  llmrm  I'ninilliinli'H  Imvn 
Imnn  led  Inin  llm  niiiiipntlnK  mill  lur  nil  ln*tnnl*  tip 
tn  (|,  In  ut'ilni'  In  pi'oilimn  n  milntliin  id,  llm  ln*tnnt  /i 
llm  illri'i'liii  iiuml  Imvnnt  Hint  limtnnl  explicit  fium- 
iIiiiin  X(l),  Y(t),  X[l)  In  which  value*  nl'  I  Inlnr  I  linn 
b  cun  lm  Htilmlllnlml,  Tlnm  llm  extrapolation  llml 
him  Imnn  referred  In  In  Hnclhm  1111,2  cun  lm  per* 
fnrnmil  by  innuim  of  t  lm  fund luim  X(t),  )'((),  %{t), 


A  Inrge  nlimn  ul'  director*  nun  lot  defined  ft*  follow*, 
(Only  llm  /  cm  ml  Inn  In  will  bn  cnimldnrnil  nlnun  tlm  // 
unil  i  rnoi'iilnulnu  urn  treated  Hhullitrly,)  hot  it  Hum 
loom  i  bn  nlimmn  mid  u  weight  I'inmihin  u>  ~  n>( it) 
dnllimil  I'nr  n  between  Omul  c,  hot  X(l)  bn  Mutt  I  Incur 
I'uimllnii  nl'  /  wlilnli  inlnlitilmM  llm  Integral 

f  c.V(/)  -  .r<uMu  -  n<n 

,n,  -it 

nl  lbi>  m p turn  of  the  deviation  frnni  llm  iibuerved  f  In 
llm  explicit  X  over  llm  lolnrvnl  c  *ccntid*  before  llm 
pie*iinl  hint  mil  I,,  llm  *<pinrcd  ilnvliillnu  being 
weighted  itncni'illiiK  In  tlm  I'lllii'llnli  m  iim  liiilh  nlnd  In 
nipnitlnii  (it).  1 1  nun  lie  uliown  Hud  them  l«  prucUnly 
mm  llni'ii r  I'liuclinii  X  which  uiliiliuinnM  (lm  InlnKnil 
(ni|iin i Inn  it),11  A  illi'uclnr  wlilnli  iihcm  thin  I'niict ion  A 
will  lm  cnlli'il  llm  litimr  /«»/  w/uiuv  i/iiwlor  with  limn 
hnnr  r  tint/  uvif/ht  fuiwtion  it'.  Tlm  i/’im/ridi'e  Imixl 
Mipimv  dlrnnlur  with  Hum  bimn  r  mid  wniuld  I'uiictinii 
ic  in  dnllimil  In  I'MwIlv  llm  Ninon  wity  except  Hud  llm 
I'u iml Inn  ,V(()  U  thiil  t/ittn/m/ir  1'iinctiuii  In  /  which 
loluliidjinu  llm  In  I  I'urnl  (niptiitlun  it) 

HuppuNC  llmrn  were  unltlmr  nrrni'H  In  t lie  input  In 
I  Imnn  dlmcini'N  line  loimhlun  cm  ire  In  tlm  dlrnntni'H. 
Then  tlm  predict  Inn  nl'  llm  fntinr  fiwiitimi  would  bn 
cnrrncl,  pinvldml  the  tni'Knt  nml Inn  In  niu'Ii  Hint  llm 
cnurdhinln»  ,r,//,;  nl'  the  tnruni  cull  lie  expreewHl  on 
ipuidrutlc  nr  lliinnr  I'uimtloiiM  ul'  clunk  Hum  I,  n- 
Npncllvnly,  in  llm  ciihc  ul  tlm  ipiiidrnl Ic  nr  Ilni'Hl' 
direct  ore. 

An  n  lout  ter  ul'  font,  by  vuryhot  tlm  Hum  bow  n  mid 
llm  wnluld  I'uimthm  m  mm  tuny  obtidn  u  urnid  vnrlcty 
ul  lypi'N  nl'  nxtriipnluthin:  Tlm  cIunh  ul'  dlrnclui'H  Hint 
Iiiin  Imnn  dnllimd  In  very  wide  Indnud,  mill  ll  In  llm 
I’uiijncliirn  ul'  tlm  prnNniit  iiiiHiiu  Hint  llm  cIiimn  coin- 
prnlmndN  iippruxliuiitluiiN  ul'  nil  lypi'N  nl  cxlriipuhdlnu 
Hint  hove  linen  iinciI  In  dlrnn(ur«, 

In  tlm  fullowhiK  NiiliNncllutiN  ul'  Hnctluli  III  4 ,  the 
Npechd  cow  ul'  nuiiNtnid  wcIkIiIn 

ic  »  I 

In  cuiiNldni’i'd  \u,v  utlmr  piii'tinidnr  ciinu  cull  lm  lit- 
vi'NlIttnlcd  by  Iim  Niunn  iucIIumIm, 

to,  t,2  Prndlrtlon  Krrore,  Sit ppoiel it m 
Perfect  Input,  Perfect  Optirutimi, 
hihI  Porfot't  Determlnution  of 
l  ime  of  Flight 

The  error*  In  prediction  by  the  llncitr  nod  iputd- 
rot  it*  (llinctnrN  fur  vurlmm  type*  uf  tiirget.  mnl  lmi  urn 
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rU'HVICIt  UMiKT  IHKMiTOit  |f,f) 


Tin*  /- 

Thnii  of  HIkIiI,  T  m  |(|  null 
•■'"I'  l>  Im'HwiI  Hhmi-mi,  I Iw  ei'ei''  In  flltiitu  |Nml| Inn  In  ///„ 

I'"1'  II  Mllllimililiil  I'limni',  ||||I  erriil'  In  fill  Ill'll  |m,n|l Inn  Im  HUJy'').), 
h  In  KlVl'II  ill  Dili  I  ii  |i  |  v  Ilf  I  Ilf  I M I  ills 
<*  In  I  In*  I  linn  lume  nf  I  In*  dlreelnr. 

Jwil  I"  llm  |  inl'Ii  ii  I  nf  I  lif  lii'lli'iil  nr  nlliilniiiitnl  unit  lull  uf  lliu  (iii'Kcl 
/i‘  In  I  Ini  I'mliim  nf  I  |in  Iii'lln  in1  nin|illl  lulu  Ilf  I  lie  nlunnuM. 
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enlinlilereil  \n  nillllynin  In  i|i'i‘i  nil|di*ilfi  i  Id  I  lie  |nl 
l"«llUt  "II, V  ll  In  lli'nl  ml  1 1  <  |  n  i-i  i(|  |  ini  I  llie  I  line  nl 

Illniil  . . iilely  kiiuwh  Tlienverintc  (rnnl  menu 

«|||||«I'|')  I'lTnl'  In  Inline  |««im|| ion  |*  limn  ilelermieeil  fur 
I'eiliilli  n|iee|f|e.|  eiidl'men.  The  iiW'i'lime  i'  Inked  uver 
l!n<  nei  nl  nil  |uinnlliie  |ii mil  Inim  uf  I  lie  uimi  fur  niileli 
•ll*'  •  tmi*  nl'  lllulil  iiKiiilml  the  Ini'ttel  \\|||  lie  (nerlnely 
/  neeuinln,  I'lie  uveniKc  errnr  I'nr  inure  itmierni  I'uiirnen 
In  I  linn  run i ) ii n i hi |i >i |  fi'iim  ||n<  ei  i  iiin  fur  I  lie  | mi  l  iiMtlti r 
I'liill'ni'N 

I  Inin  nii|i|iiiMii  lluil  I  lie  Inritel  In  dmvhiu  hi  n  lieiis 
nl  I'MilInn  II  yni'iln,  I  lull  ll  nuiki'n  n  i'inn|ilelu  reviiiii* 
tl"H  I"  if/  ni'uiiinln,  mill  i lull  | lie  lime  lume  uf  llm 
ll ll'« M'| in'  In  i'  neeumin,  The  i'iiiu|iuiieiil  id'  Inl'Ki'l  ve- 
l'»'ll,V  1  ui  i'll  ill  *i  In  llie  nsln  uf  I  lie  iieils  mill  the  nnudlm1 
V'l'M'lly  ll  I  ii  in  I  llm  nsln  nee  nii|i|iuneil  enmdiml ,  Tin'll 
II'  llm  lii|mf»  lire  entirely  I'urreel  iinil  II  f  In- «  < nu|uil him 
nii'i'hmilHiii  In  nmi'liimh'iilly  |iei'feci,  the  emir  In 
lullin'  iiiimlt |< in  will  iin  ///,,  wlmri'  A  iIi'im'imIm  uii  ii,  r. 
T,  rnnl  ni 

A  »'  /n,(l/,f'|7,)l 


I  lie  hull's  ll  I  U'l  HU.  I'l  1 1  III  I  In  I  I'm  I  lie  Ihieiil'  illl'eel  in' mill 
i  I'nr  I  he  i|nmirnlh'  illreeluc, 

Tin'  liiminhiN  fur  llm  I'mmlluli  . . I  Hie  ri'niillnnf 

eeiinhi  in nn | n 1 1 ii i hum  Imneil  un  ihene  furntiiinn  m n< 
Kivmi  11  *  erluiii  nf  I  lie  i'iiiu|inliHlnlin  nre  I'llnil  Imlmv, 
I  he  i  '••('«  M'  1 1 1 1  ii'l  Ii  ill  A  m  1 1|  tlii 'm  nim  i  In  m  it  iinniilul 
fitrui'l  limllulm  Mii|i|mne  I hnl  (lie  Ini'Ki'l  limven  iilnnu 

'•  "I'" . .  id  'i  in  |  tl  1 1 1 1 1  le  /t'yimln,  |ieiliul  ‘Jwi/  neeniiiln, 

nl  n  I'nnnlmil  veiueily  |iiirnlle|  in  Hie  nsln  ulnl  u 
«hn|de  hiirmniili'  veluelly  inil'iiml  In  lim  nsln,  In  llm 
|dmii'  nf  llm  nhie  enrve  Then  (lie  ruiil  menu  ni|imrn 
I  in  1 1  Id  inn  errnr  (nnlijecl  in  Ihe  nnine  i  ftm  I  ll’li'ti  1 1i  iitm 
ii n  In  Ihe  hflieiil  enne)  In  III,  \/'J, 

I'nr  time  nf  llinhl  lllnee  mill  I'm  illlTereiil  vnllien  nf 
Ihe  lime  I  nine  e  mul  llie  |ierlni|  nf  imidliiil  Inn,  llm 
Inlluwlnn  I  ii  I  den  euid|iM'c  Ihe  lierlnrinimee  nf  llie 
ilm'iir  mul  i|itmlrn!ie  illreidnrn, 

'I  he  enne  i/  —  ll  nee  rnnl  II  ~  1,111111  i’l  nr  mure  mity 
Im  enimhlereil  mi  esiim|iii<  nf  mi  evnnive  mdlun,  I'nr 
llie  nitmii  lime  lume,  llie  emirn  elleil  iilmvn  fur  iho 
'imi'lriHle  illrerinr  nre  lenn  thim  flume  fur  Ihe  Ihmiu' 


('UNKIDKNTIAI. 
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Him-f  ni'  In  Mm  euae  nf  Invv  frequencies  (large  ,,)  „nd 
lire  greater  than  those  of  I  lie  linear  (llreefnr  fur  high 
freqneheles,  As  will  he  ween  Inter,  the  r (Tecta  of  other 
erroi'N  are  aueli  flint  the  time  hnae  for  the  qiindi'ntlr 
uliwtiir  alionlil  he  t  wo  to  four  tlinea  the  lime  base  for 
J  in  linear  director,  For  I  III,  miaou  It  ,vonl,l  up, .ear 
flint  the  i|iiii(|rntle  director  la  lint  algnlilenntlv  an- 
perhir  tu  a  linear  illreetor  against  the  eonraea  eon- 
aldereil  iilmvn,  Tnlilea,  of  the  aort  given  nhove,  for 
•  *"*  0|  10,  I  5,  Hill)  20  M»|!  Ill'll  JfkvOlt.19* 

The  inmccical  rmtll*  aail  ihcfarmalm  far  l,  have  an 
,,',l,ort  ''«ae  uf  eonraea  which  arc  far  la  arc  fl, acral 

than  I  he  mmi>le  helix  or  the  niai/ilc  smmiMio/  In  ell'eel, 
eonraea  of  ver.v  general  types  ran  he  approximated 
"l  I'llilt  II|I  from  aini|ile  alnilaohla.  Hii|i|ioae  I  lint  the 
liirget  motion  la  aneh  Unit  It  ean  he  represented  In 
the  fumm  lug  way.  Knell  reetnngniae  eoorillintle  la  a 
ainu  of  alnea  and  eoalnea  la  (  plus  a  linear  .a'  ipiadmlle 
billet  n  in  of  /,  where  /  la  Hock  lime.  Then  the  ore- 
dietlon  emir  tor  the  linear  or  quadratic  dlreetor, 
reaped  h  oly,  iaol.tainedhy  eotiililnlog  In  quadrature 
Iheerrora  oj  I  he  aort  elied  above  for  t  he  aeparale  aim* 

and  eoaloe  ternia:  The  aipnire  of  t  lie  error  on  1 1 . „ii- 

poilinl  eonrae  la  the  ainn  of  flm  aiptarea  nf  the  ereora 
on  the  component  Hmtsoidnl  eonraea.  Hinee  very 
general  hinetloiia  enn  lie  repreaented  ua  aimia  of  the 
aort  described  nhove"  the  pro  I  let  Ion  error  that  we 
have  been  ennaldering  ean  he  computed  for  very 
general  eonraea  by  the  alaive  inelhoda. 

Aa  an  llliiaf ration,  ennaldcr  the  target  comae 


'I  I"1  wum  refer  rial  t«  nhove  are  the  prediction 
errora,  supposing  that  the  enletilaflun  mill  of  the 
dlreetor  haa  determined  the  time  of  (light  eorc-eetiy. 
Actually  (he  time  of  tllgl  t  Itself  ja  bused  un  the  pro« 
dietlon.  Accordingly,  (here  will  he  aimtlier  onntrl- 
hnUoii  in  the  pmlletloh  error  due  to  the  fact  that  the 
time  of  (light  will  not  lie  known  e.vuetly, 18 

riie  error  function  /,  has  the  fallowing  convenient 
property : 

-  L„(k<hkc,kT),  (.() 

where  la  any  rmialmif  ilHTerent  from  gem  Approxi¬ 
mate  formulas  for  the  finielioii  /,,  together  with  ms 
iiidienllon  of  the  range  of  values  In  wlileh  the  I'onnii- 
laa  are  valid,  are  aa  follows: 

hW)  *  J/8('(|  +  <T  +  •/  £  I  ft,  r  S  20, 


r  £  20; 


/o(f/,r,7’) 


'  c1  ,V7’  He'/'8  N 

.2.1  +  A  +  2 


x  -  2 At) 


I  At)/  f-  2A  ah i  [  f  lot)  i'oh  ^  , 
2  12’ 


//  ~  -  ItH)  -I-  I0f  .f  Attain  '  , 

0 

*  ->  eoiist mil , 

x,  //,  mill  r  being  menaiired  In  ynrda,  /  In  aeeomla,  mnl 
iniglea  in  nellniia.  Considers  little  hnae  of  llfaec  mnl 
u  lline  of  lilgln  „f  m  w<<1(  |,(1(  |,„  ,||(1 

wtnum  prediction  error  in  ynrda  under  the  eondllliiiia 

"  perleet  iii|inl  mnl  mi  nmehiiie  error.  . . .  the 

above  tallies, 

2A«(2.NI8  IIM)'(0,7l)8  Att8(2, 1)8 

2  +  2  -®l* 

for  t  lie  linear  ilireelor  and 

Sm.UA8H7)8  I008(t).2t),«  A0“(2, 1)8 

2  1  ^  +  j  -  a  it)8 

for  the  <|innlrafle  ilireelor, 

'The  proves*  „f  eppmslmmlng  (minimi*  tiy  imelttlti  amn* 
•if  allies  ami  mwliivH  la  viin»iilvm|  in  wni'ka  mi  I'mirlm  aerie* 


r£IA,  V  £  | A, 

I'Anrl  "i|iiallolia  for  the  finii'tliiti  /,  ore  available,181' 

la.  t.:t  KAWIm  of  Oilier  Krror* 

To  lie  able  In  make  a  riiniparianii  of  the  linear  and 
i|iiadrnlle  illreetnra,  It  la  proper  In  eoiiaiiler  not  only 
I  he  theoretical  errnra  In  points  of  tilni  that  have  been 
dlaeuaaeil,  hut  nil  other  errors  and  random  elTeeta 
which  enter  into  the  delerinliiutlnn  of  wluit  each  shell 
does  In  the  target.  All  approximate  uniilvala  la 
earrlml  mil  In  Min  following  way,"  There  ia'aitper- 
poaml  on  the  enleitlaleil  llieorelleitl  error  In  point  of 

aim  a  spherically  . . trie  normal  illatrllmthiii  of 

,l"’  dlaplaeemelit  from  the  flicomllcnl  point  of  aim 
to  the  netmil  point  nf  bniat,  the  alandard  devlalhin 
ol  one  eianpiment  of  this  dial rllaitiim  helug  a*. 

The  principal  elements  which  eoiitrllmln  to  the 
viilue  of  a*  are  the  gun  and  fawi  perfosnianee  errors, 
Hie  machine  errors  In  the  tneeliattlam,  and  the  effort, 
nl  the  trucking  errora,  The  clomoiila  other  than  tho 
etTeet  of  tlm  I  rucking  errnra  are  iiaaiimeil  In  |m  the 

. . . .  oppllenlde  In  the  Army  M-U  ijlreefnr  and 

OO-mtii  gun.  It  la  aaaiiiiieil  that,  the  netiinl  traeklng 
errnra  Hntl  would  lie  ciiiiiinitted  with  either  director 
are  the  same  us  these  which  have  lieen  nbserved  with 
I  no  M  t)  director.  The  effect  of  t  he  traeklng  errnra  In 
the  computing  meelmnlam  la  then  call  mate)  I  by  re. 
placing  the  least  square  directors  flint  we  have  been 
imtislderlitg  by  directors  wliuao  extrapolation  la  nf  the 
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cnnivico  Kumrr  imhkctoh 
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following  type !  Tim  llnoiir  dliwtor  In  mm  which  ox* 
tmpolatoM  uimig  n  M  might  Ihm  dctorinlnod  by  Urn 
proNont  punilliiii  of  tin*  btrgoi  and  Uh  pnaltlnn  r 
mpoiiiuIn  provlouwly,  Tim  ipnitlnitlo  dlroolttr  In  mm 
wliU'li  oxl  mpctiiitoM  liking  Mm  immlmla  «lt*U*nnltioi|  liy 
tlm  pro»ont  ihmIiIoii  of  Urn  tnrgot,  IIn  pimlllmi  e/2 
moooiiiIn  provliniHly,  a :  n  I  lie*  pi  ml  l  li  m  r  woondN  provl- 
unxly,  Umli'l'  tlmnc  iiNHinnptmnN,  I  In*  i'olluwlng  ohM- 
maloMiif  tlm  Nlanditrd  devldllun  a*  urn  iiblalned,  The 
<r*  of  llm  <|iiitdml lo  dlrprlnr  wIlli  llnm  Iiiino  20  wo 
In  oniupnmhle  lo  llml  of  llm  llnoni'  director  with 
Hum  I uiNo  A  moo, 

I',*  1 1  mnloil  Ml  am  lorii  ilovliilion  »*  (In  yurilM  of  llm  M|<lii<rli<iilly 
N.Vmiuelrle  unroml  illnl rllmJ Inn  Hull  0  hi  lie  Mil) H>r| k imimI 
nil  I  lie  tliemelleiil  polill  of  iilm, 
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1  Vitlnim  nl  «*  elan  lur  f  ■» 

A,  1 A  mol  UK 

'  Hi  liven 

If** 

IT.r  purpiiNON  of  ooinpiii'lNoii  ii  In  iinniiiiioiI  ,j  llml 
I  (in  pi'nhdliillly  of  ilnnmgi'  In 

„*  m  I 

«  KM  * 

a** 

wlioi'o  r  In  llio  i HhI niioo  nf  llm  Inigol  from  llii<  pre- 
Nlllimil  fill  III!  ponlllllll  UN  1 1  Imi'IIHHIM  I  OKI'llot'.  Till' 
philiiilillll Ion  oiiloiilutoil  bv  IliU  fiininilii  nro  mil  uli* 
hi  ililt  i  *  pi'iilmlillil  Ion;  lull  I  In*  relative  nIxoh  Ilf  /i*  |ui 
llm  llnoiir  mill  i|utidrallr  i llii*ol i ioh  nro  prcNtiiouhly 
mi  Ii<< ll«*n l Inn  of  tlm  olTooi IVOIIONN  Ilf  lIlONO  l\VII  ili- 
ri'olol'N,  If  i>*  store  oiiitooI  i  |l  would  glvn  I  lie  |irii|iiil'- 
I  Ii  >u  of  nIkiIn  which  w  i  in  Ii  |  ilniMiigo  llm  luigol. 

Tito  pi'olntlillll  Ion  fur  I  In*  caw  V  «*  III  noo  nro  olioil 
bolmv  TIiooiinon'/'  —  A,  III,  I  A,  ninl  20  noo  Iiiivo  liooii 


oiiiinIiIoi'inI,"'1  I'robdbllltliw  worn  miloukttoii  only  In 
flu ino  oitNON  In  wliioli  flics  IlminotioHl  prediction  error 
wtw  !o“k  Hnth  {!*«*  I'dilJuN  of  tlm  helix  or  the  o > ii >•  1 1 1  •  * ? I *• 
of  tlm  nIiiiimoJiI.  Tlm  pmluilillltlcx  rofor  to  n  target 
Hying  oltlmr  it  Imllonl  cm  o  we  wil.lt  it  milliiN  uf  300  yii 
or  n  HiniiNiilikil  oiiiiino  with  nn  nin|illlil<lo  uf  424  » 
V'2  X  300  yi|, 

In  itnlnr  In  nlliiw  fur  vitrloim  unoortuln  effect*,  In* 
cliulliig  llm  ofTool  nf  tlm  ornir  In  tlnm  uf  lllglit,  mici 
iiInh  In  iinlor  In  IonI.  llm  Monultlvlly  uf  llm  ivniiHn  to 
oliinigi'N  in  llm  oNlInmloil  a*,  tlm  pruhnlillitloM  worn 
iiInii  i-onipittoi I  with  i7*'h  wliioli  worn,  except  fur 
nnuiilhig,  I.A  Mi  non  I  In  ini*  olioil  ufnivo,  Tlm  rcMiiltM, 
in  llm  i'iino  T  **  10  noo,  urn  iin  I’iiIIiiwn: 

III'  lliimn  llie  liyo'illielleiil  |  ii'i  il  ml  Ulll  y  of  iliuimgliiK  I  tin  tier- 
gel,  IiiinmiI  mi  Nliiinliii'i!  iti'Vjiil Iuiin  I  .A  I  imoN  I  Iiimo  lilloil  iiIhiVN, 
(The  1 1 1  »|  h'i  eii  try  ii|i|*II>*m  lo  llie  llnoiir,  I  lie  lower  lo  the 
UOiolnille,  illreelor  ) 
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Tlm  |iru|iitlillli|i'Mitm  ipillo  mminIIIvu  In  I  hoMlinii  In  til 
i  li’V  In  I  lull .  NiiiioIIioIonn  limy  lliilloulo  llml  llm  llnoiir 
illreelor  xv  II  Ii  ii  oiiiiipiiriitlvoly  ulmrl  Hum  Iiiino  In  llm 
iippruprliiio  lire  ouiilrul  IiinI runii'itl  to  ou|m  with  Mm 
lypo  of  niiiimiiver  ooimlcloroil,  Tlm  |iorfuriuiinooH  uf 
llio  i |imi Irnl lo  illroolur  wlllt  llnm  Iuino  20  noo  In  oiiiii* 
piirn bio  In  llml  uf  llm  Ihii'ii r  illroolur  with  tlnm  Iiiino 
A  wo, 


III'  Ilmen  llm  li.vpol  liel  leol  iifuhiililllly  uf  itiiiougliiK  llm  liirgel, 
(Tin*  U|>|N*r  entry  u|i|illi>M  lo  llie  lliieur,  llie  lower  in  llie  nmol* 
mile,  illreelor  ) 
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iii. 4. 4  Tltoorflleiil  IVrformnnrc  of 
IlimloM  ngiiliiHl  Hccorclnl  Comma 

The  nimlvNlN  thiil  him  Imon  doxtjriliod  Iuin  boon  do* 
vub'il  tu  Imllonl  ninl  nIiiiiwiIiIiiI  coiiinon  uml  ouiii'hon  by 
hiipllonlluii  wliioli  might  bo  built  up  Ihorofrtiiii  It 
Nooini'i!  iloNlrublo  tu  Ntiuly  llm  boliuvlur  uf  llimitr  mul 

ipindmllo  . . I  him  mi  it  Ntmiihird  euitrHo  wliioli  might 

I m  doomod  typical  uf  u  oourno  Ihiwn  by  mi  Hotiml 
oiminy  ii  I  ro  mil,  Hiioli  it  cnumo  wun  mippllod  liy 
bf,  (kil,  A,  II,  Miinnuii  uf  llm  liixpoollon  Hoard, 
Uiiliod  Khigduni  mid  Cmutdit,  It  In  it  two-mhiuto 
oiiiimo  uf  mi  oiminy  nliwnft  uvor  Kiiglmul,  Tin*  onui’No 


(’ONI'TI)I’.NTIAI. 


Kin 


NT!  till  KM  OK  A  INTI  A  flit  IH  AFT  KtJUIOMKNT 


Ih  fur  from  g|  might,  IhiI  It  |M<rlm|w<  dni'H  mil  f 

dellhemlt' eviiHlvr  nellmi,  If  mm  Introdnreri  rertimgii- 
liir  rnordlmdi'H  In  it  **i*i*l til 1 1  u'iiv,  | In*  i  hxIh  Mug 
veil ii'iil,  llin  <‘i ii i i'mi >  inn  tin  ii|i|iru\liiiiiii>i|  hy  l In* 
follnwing  i'i|iinllniw: 

.r  *  — IMMHHH2H7/'  -f  IMWIIDA/’  -f  0,0204  1/3  - 
1 111,11/  -*  1 .17,  II 

II  «  -IMKMIimiH/1  -f  11,02117 /"  -  11,11221)11/''  - 
07.N1/  ~  I,  I  HI 

i  «  “H.IIIIIMIIIOIH  -  0,11111071)/''  -f-  0, 10IIUA/"  - 
A. 21**i/  I  1111 

Tliene  i*i  |im  I  Ii  inn  ii|i|il,v  In  llii*  iiilmnl  Oil  £  /  S  Oil 
nre;  .1',  //,  iiihI  ,*  ii ri *  iiii'iiMiiml  In  yni'iln,  Tim  ,r  nml  ; 
I'lHirilliiiiii'M  Inive  ii|>|ini\liiiiili'l\  linmr  Iremln.  Tim 

II . .  niiMNlH  ii|i|ii'ii\liiiiilii|v  til'  mi  i  ihi  *  1 1  In  I  Ii  ii  i 

ill'  lii'i'linl  nl'l  Im  iinler  ii|‘  1211  him1  nml  <if  mil|illlmli<  nf 
III)'  iii'ili'i'  nf  I.AIMI  yil  (TIiIh  run  Im  him>Ii  I'ihiii  1 1  ii 
KI'ii|i|ih  lullin', inu  |uini'  H2  uf  i'i,l'i'i'"iiri'  !'J  l 

Tlmnml Irnl  uitui'h  nml  | m il m I >1  III |«>m  fm*  1 1 Hh  ri<- 
rnrileil  roiirHi',  Ini'  T  A,  III,  nml  I A  him'  hit  pi'r- 
Hl'll  I  IM  I.  Till'  I'uhiiIIh  fm  T  «  III  him'  nl'l'  K  h  I'iiIIiiuh 

I  u  ii i|« nml  | im! i  iliilu  li>H  In  I  In1  imihi'  In  « lili'li  liir  imgri  flli«»  ilir 
I'lM'uniril  I'uiilw'  (i|r*i't|!«'i|  In  liir  lr\l  ! 

T  ~  HI  him' 

Hit'll  I  Ill'll  II  "i|lliur  I'llur  III  iiumIIi'Iiiiii  In  V  iii|h  ( Hllhji'l'l  In 

III!'  IMIIIllllll.ua  uf  (M't  fl'I'l  I II  |ll|l  ,  |  MM  fl'I'l  III!  I  ll  HU  <  II  III  mill 

lii'iTi'i'l  iIi'Iim'IIiIiiiiIIiMi  nf  lluii'  nf  fllglil! 
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III'  llllli’*  I  Hr  Iiv|imI  I  Ml  IimiI  I  (I.  .1  mill  II I  s  uf  iliiiimglng  liir  hllgi'l 
(Tim  '  1 1 1 1  >"  1  nil  lira  M|l|ilv  In  I  Ilf  lllirni,  I  lie  l.miM  In  Ilir 
«|iim •  Iru I li>  illiiM'Inr  i 
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I'mi  I  Im*  IhhI  imiiii'hu,  Ilir  1 1 1 II)  I  It'll  I  Ir  ilirrrlui'  nllli 
I  Inn*  I  IIIHI  i  20  HIM1  Ih  I  In'  Im'hI  Ilf  I  III  IHI'  rill|H|l|l'|'IM|  Tim  I 
I  Im  ri'HitllN  i il i| ii iui'i I  liir  I  lie  ’chI  emirne  mi'  imhihIhIiiiii 
"llh  I  In  mi'  i'ii  rhi  *r  i  ilil  iilni'il  limy  Im  huuii  uh  Ii  il  |i  iu  m  ; 
Tim  IuhI  nmi'Hi'  Iiiih  ilir  genernl  rlinmrlri'  uf  n  Hiim 
rm  vi'  uf  |terlnd  2*  IN  him',  I  Iml  |h,  wllli  </  *•  IN  wee,  nml 
ii  in  |  il  1 1  ml"  !  |Af(0  yi|  Aerm'ding  In  llm  ri>>i!r!' (henry 
llii'tii  Urn  mill  i inn n  Hi|imiii  |ii’imI)i<I Iihi  nmir  Ih 
I.AIIII/,  y/2,  ulii'ii'  /,  **•  /.nO/,1',7')  Ih  i'viiIiimIimI  ii  I 
i/  «*<  IN,  n  <m  |  in'  2  fur  1  hi'  tliiiin r  ur  i|iiii.i||iillr  ill- 
iretni',  i’i’H|iim*i  Ivi'ly,  r  ***  20  him1,  wiy,  iiihI  T  —  lllwe, 


Nil's  l»,v  Urn  |iro|»ei'ty  uf  llm  fmmlloti  U  given  In 
imihhMhh  H) 

I.J  18,20, III)  -  M9.KU5); 

llm  hit  lor  i|i|imllty  Iiiih  Imnn  tnlmlnleil  l,B  If  m  vhIhh 
Ih  0  Al  fui'  llm  llimnr  ritHe,  nml  0  ID  fur  llm  i|iouimtin. 
TIiIm  given  errum  uf  A74  nml  202  yd,  regpeetlvtMy,  fur 
llm  llneiir  nml  i|iimlriitlr  ilii'erlui'M;  Umm'  lire  uf  llm 
ilium  miler  nf  tnngliilmle  iih  llm  001  mill  171  yd  riled 
itltuve  fur  r  <■  21)  nee, 

l it. A  KSTIMATK*  OF  CONTKIIIUTINO 

i.KHniis 

The  i'm| iimileH  lu  lie  given  ii|i|iiy  |irlnmilly  lo  llm 
Army  MOdirrelnr  mid  00-inni  gun  "  llli  prem'l  fwse, 
iih  uf  III  I  A.  The  i'hI  Iiiih  I  i'ih  iii'e  uf  iiimveit  rellnlilllly. 

1,  Hrrur*  ii\  Shil  if  A  lift  ii  wr  nt  uf  Dh'rrtw'  nml  (Inn, 
Il  in  |  m  il  in  I  i|i«  dull  IlmHu  riTui'H  me  very  hiiihII 

2.  Tvtirl'iiifi  1‘hrwn  in  \ii\ilm  The  jirulmhle  errnr 
uf  eni'h  <•<  ii  ii|  ii  mi’ll  I  .1,  1 1|  il  Iml  l/imklnu  Ih  CHtlnnded 
nl  0.1  mil  Ini'  ii  m|  n  I  ill*  |  dn  I  I'i  iiiii ;  Il  I*  hIhii  nliile  I  I  Iml 
ililn  errnr  in  roughly  |iru|iiii'lluiiiil  In  the  nugiihir  vu* 
hwltv  "I  tlm  liii'gei,  The  |  in  il  hi  I  ilc  errin'  nf  nelnr 
l nuking  Im  2  iiiIIh  fur  llm  IithI  nmiiiiiilly  einitmlleil 
i’'|iil|nimiil 

1,  Tnirhinti  in  Ifniifir,  The  IichI  rieliii'  rnnge  Iiiih  n 
1  in  il  im  I  >|i  <  eiTiir  uf  til  nml  20  yil,  The  |  tei  il  hi  hti*  eri'ur  uf 
n|ii IimiI  niiige  Ih  ri| <| in isTinu l dy 

01  h" 

200,20A//in ,V<  ’ 

"here  Ii  Ih  I  lie  Ihihh  leuglli  III  >'(•  n  Im,  hi  Ih  llm  inuglll- 
flriii Iimi,  nml  i  I*  die  rnnge  In  vmiiIm, 

I,  1','mirn  in  Sr  I  Kj/ hh  Trninniiillinif  I  Inin  In  IHmiiii'M, 
Tliene  nre  uf  llm  order  nf  0  I  lull  nml  life  imgllgllile, 

A,  I’ii  lirlnl  l,iiiilinn,  Tim  ei’i'ui’H  In  |irinlleled  |iiih|> 

I  inn  de|ieiii|  mil  i  inly  mi  Iheeri'iMH  1,2,1,  I,  ill  rein  ly 
iIIhimihhimI,  lull  iiIhu  on  llm  I'l'i'iiiieueli'H  |  in  'hi  'lit  lu  (he 
llt|iul  < In f ii  (llm  |  lower  Hlieeli'iim  nr  (he  In | rut)  mid 
mi  (lie  time  nf  lllgli!  h'lir  llm  Army  Ml)  illreetni', 
ruilni'  NCIi-ANI,  mid  llll-iinn  gun,  i'hIIiimiIch  nre  iih 
follow*  (iiHHimthig  in i  eviinive  iml  inn )  I 

Wirin'*  ill  I'mtirtrit  I'nnil Inn 

Mil  1  lliui'lul'l  Hi  'll  AN!  llii, Ini' 


Time  nf  lllglil 

I'ii  ilm  I  Hr  ini'i.i'  In  nugli'H 
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(uplli'iil  I  lurking) 
I'riihiihlr  mui'  In  nugli'H 
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i)  (iiiiin) 

(lullin'  1  nicking) 
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II.  Suiiin'Hmitim,  Mint  In,  the  Ineromeiit  to  bo 
iwldod  to  Mil'  nlevMliin  nf  tlio  predicted  Mu'Rot  pnsl- 
tlon  lo  euinpenMUle  fur  I  lie  gmvlly  drop  of  the  pro- 
j  outlie.  Ki'iiii'k  ill  Hlipi'roloviillini  Hi'o  I'unnMurwl  iiokII* 
kIIiIp. 

7,  Mutih  Vtlorilu.  row  /.  Fmrt  hue,  AMpictHnf 
thin  ipioMt Ion  iiio  1 1 Imo i two'd  ut  IoiiuMi,1’  Tlio  miuutio 
vpluelty  viirlon  with  Mio  Hgo  of  tlio  H'ln i  "'bit  iliffoioiit 
It  it  n  iif  iiniiininll  ion,  nml  with  illffi'roiit  rnnnilM  of  tlio 
mono  lot,  Aeeurilhmly,  tlio  not  mil  iinmitlo  velnelly  loo 

tiny  wliot  will  illffoi’  from  tlio  Input  . .  voloolly. 

Ill  oi ii no  oiimom,  tlio  Input  iiiiikxIc  volnolty  In  not  In 
iiooimhinoo  with  n  mlo  ilopoiulinn;  In  pint  mi  tlio  ««o 

of  tlio  Kim.  A  hot  lor  omM . to  uf  tlio  imukrIo  voloolly 

on ii  iio  iittiilnoil  liy  tlio  iimo  of  n  ohooiiiiKi’iipli  wliloh 
iiiohhiiooh  the  muKitlo  voloolly  of  onoh  mIioI,  Wlion  tlio 
oIiihiiii >((i‘tipli  lM  lined,  Mio  nvorimc  iiiuxxlo  volooity 
of  K  iio  12  pioi-oi IIiilt  Mint h  cm i  lie  iii»oi I  iim  nil  cmI  himto 
of  i Iio  itumnlo  voloolly  of  tlio  nest  tulliovlnix  Mint  It 
|m  ooiioIiiiIoiI  llinl  tlio  poolinhlo 00000  in  iiiio'h  omi liniito 
of  imiMKlt*  volooity  wit  limit  ii  olionnuKi'iipli  (uMiik  tlio 
fi  hi  i  ii  i  In  MV  -  2,7dl>  0.0H7  /•'  fpn,  who  ii'  H  In  Mio 

tlltlll  nil  ml  M*!'  Ilf  I'OIIIhIn  Ill-Oil  I IV  I  III'  null  I  i*  17  Ip1*, 
nml  tilth  ii  ohooiiiiKOiipli  Im  7  f|«*  In  tlio  i'iino  ol  tin* 
OO-mm  kuii.  TIiomo  ooi'oi'M  In  iinixalo  volnolty  oomiiIi 
hi  nil  cm  ii'  In  tlio  I  iiiI’mI  point  of  tlio  Midi  iim  IiiIIiiwm; 

I'lvluihh  Nrmr  ill  Vein/*  A  limit  thi  Tnijiihun,  tint  In  Inivnrrl 
Munir  t'l'tnrilll.  i/'irmi  t'urn) 

'I'll . .  (Until  t  tft  'iiUmil 

Kitui,  tvllliinil  otiniiiuni'iiiiti  17  111  ilil(yil) 

I'irror,  tvllh  I'tiriiiMiKmpli  7  17  tltt(yil) 

( ‘imo  II.  I  ‘nixintilii  F\u>'  In  MiIm  oiimo,  tlio  olToot  ut 
tin*  coil >o  In  uuntxlo  voloolly  hIm ii ih I  bo  I'oinpi'o- 
liomloil  In  Mio  uiiii  iliMpoi'Miiin  (Item  III  bolutt;  moo 
iiImii  Moot  loll  It). M2),  A  Iiiiinoi'lonl  ii|i|)OiiImiiI  Iiiin  lint 
boon  Kti  *'n 

H.  Until  Vi  mo  (/Vow/  h'lttf  null/).  Fill'  IiiiihI-IoihI- 
Iiik,  the  | h  i  ihiihlc  oi'i'iii'  In  iloml  I  lino,  Hint  Im,  the  Minn 
hot  wood  llio  |  hoi  lb 1 1  h  <i  i  of  tlio  luxe  net  t  Iiik  noil  tlio 
fh'liiK  of  tlio  Kim,  Im  ii  I  ii m it  0,02  moo,  TIiIm  oiii'iOMpoinlM 
in  ii  pi'iilmlilo  oii'iii'  iiliniK  tlio  t nijoi'l IH'V  uf  ol n ml 
II.IHlf  yd,  In  tlio  pump  uf  l Iio  IHI-mm  nun,  wlion'  v  Im 
tlio  volnolty  uf  tho  tni'Kot  In  iiiIIom  por  hum1.1"'  For  n 
tuiKot  Mpood  uf  lit  HI  mpli,  the  pi'ol  hi  bio  ormr,  duo  to 
tlio  oi'i'ul'  In  iloml  tlino,  Im  Miiim  iibout  IN  yd  nlmiK  Mio 
trujoi'liuy,  TIiomo  IIkiicom  rofnr  In  fnxo  piodlotluu  nl 
I  Iio  iMiiivoiithiiiid  typo. 

|''or  n  i  it  i  hi  in  I  lc  l<m«  IIiik  tlio  pi'iilmlilo  ornu'  uf  iloml 
t  In  to  Im  uf  tho  onlui'  uf  O.tlH  moo  nml  lino  u  iiokIIkIIiIo 
effect . 

{»,  Nrrm  in  M*ynn  Tmitmillina  Unit  Orthnt,  Thu 


pt'iilmblo  print'  In  tho  unglu  l.miiMiiiittod  Im  (),  I  util. 
Tito  prolmblo  error  In  fnso  1  mnnmit  Ifd  Im  0.02  moo, 
numwpuniliiiK  tu  onni'M  iiSimik  Mip  Imjci'lnry  uf  ftp- 
pnisinmtoly  13,  7,  mid  ft  yd  fur  Minos  of  flight  b  US 
mid  2ft  mpo,  ii'Mpootivoly. 

10,  (hut  b'ttUtmtm  Nirtn'M,  The  prohnldo  wrur  in 
ciich  iiiikIo  Im  iilunil  0  4  mil,  wliloh  Im  nonllftllilp,  oum- 
pm 'oil  to  tlio  ooruiM  In  tlio  tninMiidltod  *i«iuil, 

1 1 ,  Flier  Sell  inn  Kmm  {l,mtel  f>S m).  'I’ho  prnlmliln 
omio  lit  the  pump  of  Imm I  MotthiK  Im  0.04  moo,  enrrtt* 
MpiindiiiK  bi  riuiuo  ot'l'ui'M  uf  iippruJilniiiloly  211,  14,  mid 
Its  yd  fur  Miiiom  of  lllidit  I,  Ift,  nud  2ft  moo,  roMpoo* 
lively,  The  prulnihlo  orrur  In  th"  oiimo  uf  nioohmiloiil 
luxe  Motlor  Im  ulmiit  hull' t lint  fur  liiind  Notthi#, 

12,  I1' :ai'  I'tvfiiruiuiHV  Hr  fur*  (/Voni7  Finn),  Fur 

lime*  uf  IIIkIiI  of  III . 'dor  uf  20  moo,  l Iio  prnhidilo 

oi'i'iii'  in  I'nxo  pcrfurmiiitoo  Im  from  IM  In  0.2  moo,  I  ho 
I'PMiilthiK  pl'nhtdiln  orrur  nliiilK  I  Iio  I  I'lijootory  Im  nlniilt 
lit)  yd,  inni'o  nr  Iomm  ouiiMtiiut  Ini'  different  Miiiom  uf 
llinhi  lioomiMo  uf  the  fin  *  l  Him  I  ho  t  Into  fnxo  orrur 
uhti'iimoh  tilth  Iiiiti'iimImk  tlino  whllo  tlio  1'omIiIiuiI 
velnelly  ut  the  mIioII  ilorioiiMOM, 

lit,  (inn  Ihn/ii'iuiuii,  Ttvu  typi'M  ul  oitiii'm  under 
MiIm  I'll  1  (‘K< >I'V  bn vo  boon  IImIoiI;"  (I)  Tlio  oriiU'M  duo 
lu  (null  v  i'mI limit i'm  In  llio  viiIiiom  of  ill*'  ImiIIImMo  wind 
nml  llio  IiiiIIImi io  iIoiimIi.v  wliloh  lire  umciI  uii  llio  wind 
nml  i|ou»ii,v  dinl*  ut'  I  lie  ill  root  nr.  TIiIm  orrur  Im  very 
dillieiill  tn  oMtlmiilo,  Mm  olToot  iiliiUK  tho  triijootnry 
ii  iim  boon  vn  rimed, v  ii**iiiueil  iim  It),  2D,  III,  inul  IM)  yd 

I'm  t  lino  nf  llight  nl'  2ft  MOO,  (The  In  tier  errore . . 

roMpiiud  tu  I'm  illy  omMuiiiIom  uf  nui|(o  wind,  miiniiut* 

Iiik  tu  ii  1  m in t  I,  2,  I,  nml  ll  . . .  tn  orrui'M  In  nlr 

doiiMlty  uf  0.2ft,  lift,  I . I  Ift  por  oout  At  Ift  moo 

tlino  uf  lllitht,  liii'Mo  orrui'M  tvuuld  bo  roduoed  liy 
i, limit  'ii,  i  Tbc  ri'Miiltniit  prnbiiblo  orrur  in  nr,  limit  Ii 
n  1 1|  ion  i'm  In  be  uf  llio  (in  lor  ul  niie  lull,  mid  In  plot'll* 
tluii  nf  tlio  mi  lor  nf  2  uiIIm, 

(2)  Tlio  orrur  duo  tu  llio  dovbiMnn  nl  tho  IihIIImIIi! 
cl  hi  rm'l  i'I'IhI  I«'m  ul  uiiii,  pn  ijooMlo,  nml  itluuiHplioro 
Iiiiiii  iIiumo  tvhloli  tin*  proHiiiiiod  In  Min  IhiIIImMp 
t  nl  ili'M,  ntlior  Mum  I  In  imo  oluniiotorlMtloM  (IImoiimmoiI 
iiIhivo  (hi  it  on  im  7  nr  l!t-l).  The  prnhiililo  orrur  iilunn 
tho  Irnjeelury  frniii  MiIm  muiu'oo  Im I'Mtllimtod  mm  10 yd; 
In  clnvnt luu,  iim  I  mil)  mid  lu  iixlmuth,  iim  iiukHkIIiIo, 

Kii'ui'm  In  ii  « piiint It y  iii'ImIiik  frum  Indopoitdout, 
MiiiirooN  Mlimihl  bo oniitbltiod  In  ipludoiOim,  TIium,  llio 
mi  |iiiiro  nf  llio  priil  ml  iio  orrur  duo  tu  ohumom  ii  mid  It, 
tvhloli  lire  Independent,  Im  the  Hunt  uf  the  MipuiroM  ul 
the  prnbiiblo  orrui'M  duo  lu  ii  mid  lu  It  Hopiirntdy, 

Tlio  torin  i/ini  ilixfwi'tiion  Iiiim  dllTorout  nionnlntSM  In 
dilTuroiit  iii'ulilomM,  h'ur  osmuplo,  tlio  ipm  illMpimluit 
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t hut  wiw  enuwldcred  in  Hootlnti  10, ‘i  In  not  f lin  gun 
dlNperwiou  here  cnnxldered,  DlNpcrxhm  imiudly  refer* 
to  a  vgrishhi  whoxu  vidue  depend*  on  ehunuc  m'eord- 
ing  to  It*  prolmhllliy  dlNtrllmHou.  In  enelt  iippliouthm 
tho  vhHhIiIo  In  ipicNl lull  hIioiiIi!  Ih<  preelmtly  defined. 

Tlir  render  In  referred  in  n  report  *  for  »  rmiNlder- 
itlluii  uf  tlm  vhi'IhUoii  of  iiuiffMlo  velocity  from  Hlmt.  In 
wind,  from  lintidi  In  Imteh,  mill  with  tln<  itgc  uf  tin* 
bnrrol ;  fur  it  wi  ndy  uf  errum  idling  the  trnjci'tury  (pmt 
uf  wlilcli  In  NiiliNinilod  nlmvc);  mid  Ini'  mi  iti'liml  1*11111- 
piwltluii  ni'  tlm  i'ii’iii-n  1'i‘iiin  different  NunrrcN, 

in, 6  I'miDK  iioN  cmcms 

The  I i*riu  /urdiWdiii  circuit  In  lion*  iinciI  In  di'imti'  it 
device  wlilcli  iippi'iisiiniiti'N  ill  1'iirli  IiinIiiiiI  tin*  fulni'i* 
vii lm«  uf  mi  Input  fiilii'l ion,  'I'lii*  Input  In  tlu<  t itc- 
il  lot  Inn  I'iiriiit  In  it  1  pm  11I it y :  It  nccuiuIm  ( t In*  predict  luu 
Inli'i'Vid)  mid  it  ifiiiiut  it  y :  .»•  ( / 1  (1  Im  |  mi  lift  cd  I’niti'l  it  in ), 
wliii'li  vitiii'H  with  I'lui'k  tilin',  I  Tin'  untput  uf  t lie 
pi'i'dlcl luu  circuit  ni  the  iiiNtiuil  /  In  11  iputiilily  t<l), 
wliii'li  In  1111  iiptii'iixiniittlnii  of  the  future  mini' 
X(l  4  t\ )  of  .rll),  It  nci'iiiiiIn  litli*i\ 

An  util'  iipplli'iillnn,  limy  Im  the  filin'  Netting  up- 
Pl’llpl'illtl'  III  till'  IlINlllIlt  Uf  pl'l'llil'l  lull,  ill  till'  I'll.M*  uf 
lumvy  mil  lid I'l'iiifl  ti  lth  prcNct  film',  mid  It  mny  lie  t  Im* 
fuiti'  di'inl  tlini'  Tlii'ii  t  tvill  In'  llii'  fiiki'  Netting  np- 
pi'upiiulc  ill  the  liiNlmit  uf  lii'log.  An  limit  her  iipplh'ii- 
t inn,  x  limy  lie  miy  euuiiiliinli'  of  Hie  target,  mid  It 
tuny  In*  tln<  time  of  lllghl  nf  llii'  projectile.  Then  x 
"III  In'  the  I'lHiilllllllti'  of  the  lui'gel  ni  luipiii'l,  in  Ihe 
tut t it  i'ii hi « 1  the  tliue  uf  tlight  l\  ilwclf  iiiiinI  he  pii«- 
dh'li'd  liy  mint  her  uii'cliii  iiIhhi  or  miulher  pmt  uf  the 
mime  luri'hmilniit. 

MiinIc  rcipiirciui'iitN  uf  11  pu'ilii'l luu  circuit  me  Hint 
It n  1  nit  pill  ill)  lipprutdliiiiti'N  the  di'Nlri'il  future  vnlue 
x(l  T  It  I  In  11  NiitUfiielury  1'iinIiIoii  without  uiidiii' 
deliiy  mid  thill  thin  iipprusliiint inn  In  nut  unduly  iIIn- 
tiirlii'd  when  the  Input  fiiurtinu  j'll l  In  ||ni<||  iIIn- 
I  ml  led, 

to, n.t  I’urtlouliir  Circuit* 

A  luuulier  uf  pi'i'dh't luu  I'lreiillN  hnve  lieen  nfudled." 
Hume  uf  the  I'l'NitlfN  mid  iiiethiiilN  mny  lie  uf  generid 
lufei'ewt,  even  though  the  pmhli'in  uf  In  mi*  pi'i'dletlou 
l«  1 1  well*  uf  limited  InteroNl 


11  I  lie  tvinlt  to  tic  I'cpi hi cil  min  nlilcit  tiy  tlm  cunttnl  mill 
effective  eiiiiittiiirnlliiii  nf  Hie  tfcNcnieli  l.iiliiimlnitei,  of  Hie 
Htierry  (lyrumto|ia  ('iniipiHi.v, 


The  circuit*  considered  are  (ihm’iieferlited  liy  math- 
einuflenl  relation*  uf  flu*  form  l 

*  *  *  4-  Hi 

where  /y  In  vni'IntlNly  defined, 

In  the  conventional  elrenlt  (uInii  mlleil  the  tnn- 
genflid  I'lreult  with  feedback),  ;y  NntlNfioH  the  eipm- 

t  lull , 

l>U  4-  U  -  hx, 

where  It  In  11  punitive  euliNtmif,  Htrletly  Npenklug,  the 
i|iuuiHfy  //  In  nut  iinh|iiely  determined  liy  the  InpittN 
x  mid  A,  hut  ih'peiulN  hInii  1111  eertidu  iuitlid  I'uinllt Iiiiin. 

I  luu  ever,  the  elfeet  nf  f  ln*m*  Iuitlid  foiidlHuiiN  In  nut 
iiiipiirtmit  niter  1111  lultiiii  Nettling  time.  Fur  example, 
lifter  Ifi  wee  the  difference  lieftveen  miy  twn  uiitputN 
tt  lll  lie  Ii'nn  Hum  2  per  cent  nf  their  Iuitlid  difference, 
III  elfeet  then,  Ihe  output  uf  the  elreull  lifter  Nettling 
dependN  only  oil  x  mid  t\,  The  ipimillty  It  In  known  un 
the  time  eniiNtmit  nf  the  elreull, 

III  the  S/M'irii  \ -circuit,  //  In  1111  euiplrh'id  fiilieliull 
ul  It  mid  o',  tvhere  «•  niHIn)|i>n  the  eipuitluii 

ktkttr  4  A '«ie  4-  te  «*»  y, 

A 1  mid  A*  lining  punitive  eniiNtiuilw. 

In  the  7'ii/i/inf  cirt  nil,  //  niiHnIIi'n  Ihe  eipiiltluu 

l*H  4  ll(l/, h)  **  hx,  (A) 

"here  p  In  11  fiuii't h ill  uf  //  11111I  /1  eliimeu  nii  iin  tu  give 
i»tit  iiiiiun  ii'niiIIn.  Fur  the  purt  leu  Ini'  ii(i|ilii'iit  ion  tu 
the  luxe  deiul  t line  pruiileiii,  p  wiin  deteriilllied  iin 

II  —  rdf/  4  enA)',  where  o  mid  cgiire  euiiMtuiitN.  Ifi'i  In 
xrru,  HiIn  elrenlt  rediiei'N  In  the  euiivi'ittioiiHl  elrenlt 

III  the  tiiiigeiitlid  elrenlt  tilth  fullutv-lip  unit ur,  //  In 
the  miiii milt  uf  rntutluli  nf  11  iiiutur  it  hit'll  reeelvi'N  it 
Nlgiuil  In  iiirri'iiwc  whenever  //  In  dellultely  Icnh  t him 
hx  mid  tu  deereiiNe  whenever  //  In  definitely  greute' 
t hull  Itx. 

Mei'hmiixiit Iiiiin  uf  tlii'Ne  eireultN  lire  huileiitod  hi 
Itvu  AM  P  repui'lN."  111 

Until  Ihe  Tnppert  mid  the  Hperry  A-elrenllN  un* 
liitcrcwtliig  relhienieiitN  uf  the  I'liu vi*ut IiiiinI  elrenlt 

di'Nlgued  to  give  nun . ffertive  pil'd iet lull  fulrly 

Nlinply,  The  Hperry  A-eireiill  IiiviiIvi'n  the  nm*  uf  it 
Hiree-dliiieuNlnuid  emu,  The  Tnp|iet't  elrenlt  IiivuIvi'n 
0  jndleluiiNly  i'Iiuni'u  mid  judlelntiNly  pliieed  uiiuiliietir 
gem'  ur  other  iiuiilliieiir  device, 

'I'lie  tmigi'iitiiil  elrenlt  with  fnilutv-up  inutur  1  Inert 
unt  Nccnt  tu  provide  udmpmte  Niuuiitiiliig  uf  eorhdii 
Input  dlNtiirhmii'i'N,1"  'I’IiIn  reNiilf  mny  lie  uf  liitereNt, 
iin  It  might  Imve  heeu  thought  t hut  the  lugging  effect, 
nf  the  fulluw-up  null  ur  tvuiild  In  llnclf  provide  Nniuntli- 
lug  nf  Input  dlNlitrliHiieeN. 


C’ONFIDHNTIAI, 
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l«ft 


si  Mcthsxl  of  AiiuIvxIm 

Tiio  method  of  wtuiiylng  tin*  rrwpniiwnw  of  tliewo 
{•IroultM  to  a  porfeet  input  In  tin*  nuwe  »f  iloml  tinio 
fiun  oorreothm  olrenltw  wnw  tut  follow*!  *  'I'ht*  fiiiiu- 
Houh  x  were  ralenliitod  from  tin*  hnlllwtlc  table  for 
typical  tni'Kot  nonrwow  In  wlileli  tin*  target  Hew  ut  n 
constant  velocity,  Hcnuiwo  tin*  IxilllNtir  luiicthiiiw 
I'lmiiot  conveniently  In*  rcprcwcutcd  In  nxpltoit  ana¬ 
lytic  fmin,  tin*  wante  waw  trm*  of  Hit*  fmictlonw  x,  In 
imy  particular  enwo,  oiii*  could  count rni't  a  numerical 
Inlilt*  of  x,  Inn  no  uwofnl  t  *  \  |  >  1 1 1 1 1 1  nimlytli'iil  exprcwwhm 
for  ,r  In  termw  of  lln<  lull  In  I  condltlonw  wiih  foiiiul, 
*Vow  it  inimcrlcnl  * Icmim  I | it l< in  of  n  family  of  fiinctlniiw 
In  ru ml icrwomc  ut  howl,  In  tlilw  ciiho,  u  ntunorli'iil  ilc- 
werlpt  Inn  wiiw  particularly  nwkwunl  nw  tin*  proillollon 
clrciiltw  iiiiiiIo  iiwo  of  ,r  to*  tvoll  nw  .r,  untl  innnorloiil  de- 
liTiiiliintloiiw  of  ,r  wort*  oIiwoiihmI  with  orrurw  duo  lo 
rounding  mid  orrorw  in  romlliiK  grupltw,  noil  wo  forth, 
H.v  plot llti«  l In*  function*  ,r,  nw  dotoruilnod  nuiuorl- 
I'tdly,  ngnluwt  l,  ii  wnw  found  llmi  ouoli  fmiotlon  ,)• 
I'otild  ho  approximated  (according  to  n  leant -wipni  re 
criterion)  h.v  ii  fimotlon  of  tli«  form 

,  l> 

<i  +  .  i 

v  —  I 

"‘Ill'll*  o,  It,  mid  i  worn  ooiiwtnulw  depending  on  tin* 
t'oiirno,  TIiiiw  llio  fniully  of  Idoul  lupulw  ,»•(/)  wiiw 
approximated  | iv  m  lliroo-pnrimiolor  fniully  of  ox* 
pllt'll  fuiiollouw  for  which  thi<  difference  hotwoou  tho 
output  til)  mid  I  In*  dowlrod  out  pul  ,rU  4  hi  oould 
ro.idlly  ho  worked  out, 

Tho  ropromml  lit  loll  of  I  lie  fuiirtlouw  ,r  nw  n  lliroo- 
pmametcr  fniully  of  explicit  function*  wiiw  port  leu- 
lorly  iiwofut  In  tho  dntnrnilnntlon  of  tho  fiiuotlou  (/  of 
tho  Tnpport  olroolt  wliloli  imikow  tho  olrouit  mowt 
olfoollvo,  The  mot  hoi  I  wiiw  nw  follow**:  For  each  ootirwo, 
explicit  oxprcwwloiiw  for  ,r  mid  for  //  (wiippnwlug  porfort 
pri'illntlon)  worn  wiihwtllutod  hi  oipiutiou  (ft),  Tlmw 
‘ho  Idonl  a  for  cut'll  oourwo  wnw  dotoriulnod  nw 

II  -  fix  -  hi/, 

A  I'uni't  li»n  a  of  a  mid  It  \\  nw  I  lion  clioweu  wliloli  wnw 
mi  average  of  tho  np|iropilnto  fiuict Iuiin  for  tho 
different  oourwow, 

tti.7  Till  Ah  KINK  M  KTIIODM 

Tlilw  wortioii  iippllow  to  projectile*  with  prowot 
foiti'M,  A  trial  Jim  iii'iwrthin’  Iw  into  wliloli  mokow  owe  of 


olworvntlouw  of  tt  iiinnhor  of  trial  wholw  in  or*|or  to 
obtain  correct  Intiw,  where  necessary,  to  Inputs  to  tho 
dlrootor  miioIi  nw  huirrIo  velocity,  nlr  density,  w!ml 
velocity,  or  iithor  fnotorw,  Hevoral  trial  Urn  procedures 
nix*  dowrril ioi I  briefly  hohnv,  Which  procedure  Iw  mowt 
Mul  lwl'iiotory  In  n  piirtioiilur  wot,  of  oln'imiwtiinoow  do* 
pomlw  on  thnwc  elronmwtuneow,  tt  dopondw  alwo  on  a 
knowledge  of  tho  relative  magnitude*  of  tho  varlonw 
won ri'ow  of  error  to  ho  expected  In  tho  Hringw,  Thowo 
pulntw  arn  dlwniwwod  In  ilotall  In  a  report  1  for  tho 
Army  PO-mm  menu. 

If  tho  trial  fire  proooduri'  Iw  to  ho  huwod  on  four 
wholw  nil  llroil  at  the  wniiio  «im  wotting*  of  tlo<  PO-mm 
Kim,  llion  no  trial  fi re  I'orrootioiiw  nro  wnmiutod  if  ilie 
oliworvod  con! or  of  luirwt  ilItTorw  from  tho  trial  who!, 
point,  thill  Iw,  llw  exported  powltlon,  by  loww  tlnili  tit) 
yd  In  wlnnl  rntiKo,  2  mllw  In  oloviilhui,  mid  I  mil  in 
iixlmuth,  Furthermore,  the  wot  up  of  thi'Kuo  mid  Itw 
I'lpilpuioiit  whonld  lie  checkeil  for  worlouw  orrorw  If  tho 
oliworvod  conli'r  of  hurwt  dllTorw  from  tho  trial  wltol 
point  hy  linin'  than  27 ft  yd  In  wlant  rmiKo,  7  mllw  In 
I'li'vutlon  or  It)  mllw  In  nwliinith, 

The  trial  tiro  iiromliii'i'w  that  uroi'onwlilorod  nro  tho 
following,  All  Involve  fonr  trial  wholw, 

1,  Four  wliotw nn>  flivd  at  ii  wIiikIc  trial  wlmt  point. 
Tho  oliworvod  dovlntlnuw  of  tho  eonlor  of  hurwt  of  tho 
four  wliotw  from  tin*  trial  wlmt  point  am  oorroi’tod  hy 
n/utl  ('iii'roi'tloiiw  In  I'leviit Ion,  unimoth  and  poroontiiKO 
ult It iiilc  (nr  rmiKo)  wotthiKw  of  tho  diri'i'tor,  a  wpot, 
I'orri'i'tlon  holme  one  whli'li  Iw  the  wnmo  for  nil  tin* 
Joi'torlow, 

2,  Two  wliotw  null  nr,'  llrod  at  two  trial  wlmt,  point* 
mi  the  willin'  trajectory.  Tho  oliworvod  dovlntlnuw  of 
tho  roninrw  of  hurwt  from  tho  trial  wlmt  polntw  urn 
ut t rlhiitcd  to  uniRwIc  velocity,  wind  and  air  dcnwlty, 
mid  linear  npiatlouw  arc  wet  up  to  determine  the  eor- 
roi'lloiiw  in  the  Inltor  •pimitlth'w, 

•'I,  hike  Item  (2),  except  that  the  two  trial  whol 
polntw iircchiiwcii  ill  llo'wimieullltmli'lmt  at  dllTerotit 
Inal xon tn I  rnugew, 

I.  Four  wliotw  are  fired  at  a  wIiikIh  trial  wlmt,  point 
ami  the  di'vlation  of  the  I’cutei'  of  lairwt  Iw  at t rlhutei I 
to  wind  and  Ion  eoiuhluatloii  of  imiRRle  velocity  ami 
air  dcuwlty. 

ft,  McIIiimIw  of  the  wort  already  <l«wriJlicd,  except 
that  radar  Iw  owed  to  determine  raiiKc  to  tho  polntw 
of  burnt, 

tl,  Tivn  wliotw  eaeli  nro  llrod  at  two  Irlal  shot  point* 
at  exiirily  tho  watno  kuii  wotting*  except  that  tho  mil* 
mutlis  illlTor  hy  PI)*,  thus  lutorelmuglng  tlm  range 
wind  and  tho  itoww  wind, 
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>o.«  TttACKH  sTfiHKOGHAIMI* 

The  pmhlem  hit*  Inti’ll  conKlder<<d*of  meiiMurlug  f  tu* 
iimomit  by  which  :t  imccr  bullet  idImmch  n  towed 
btrget  by  fiicuiiM  of  two  set*  «f  motion  pIctnrcN  of  dm 
t nmol1 1 mllct  tnki'ii  from  t  wo  dllTerent  fixed  pnlulM. 

Tim  Ml  (Ml it  method  cihihIhIh  CNNCiitinlly  of  (hiding 
tlm  point  of  Intciwi'tlon  of  tlm  nppiiront  tnmor  pnllm, 
rolnllvo  to  tlm  Inrgct,  hm  given  by  tlm  two  noIn  of 
motion  plelnroM,  Tlm  method  In  no  iipproxlnniduii. 
It  f ii I Ih  If  the  Imccr  ciii'vcm  do  not  luteiscet  m  nil,  noil 
In  iiiiiIiIkiioiih  If  they  In  tented  loom  limn  oiiee,  It  |h 
nIiowii  *  Unit  the  nmllmil  In  entirely  mil  Wimtory  with 
II  vert  leal  or  nenrly  vertlenl  hiwe  line  of  olioiit  20  yd, 
noil  with  inrgct*  at  n  nIiiiiI  run  no  of  from  iipproxh 
ninti'ly  1,000  to  t,/WKI  yil,  nt  elevntloiiN  of  III®  or  Ionn, 
provhleil  the  reNlihllll  velocity  of  die  projectile  In  nt 
leiiNt  n  hi  nit  10  tlnii'N  the  velocity  of  dm  imgcl.  In  iIiIn 
i'iino,  die  nuixluium  error  In  dm  ileiernilnndon  of  tlm 
iiiInn  by  the  Htllili*  nmthiiil  In  Ionn  t linn  nhont  ttl  |mr 
rent  of  t  lm  iiiInn, 

Tlm  /fmfi'ii/  tliiil  met  In  h  I  <Iocn  not  rcipiln1  n  vertlenl 
or  n  Nliort  Iiiihc  line,  It  iIiicn  reipilre,  however,  ell  her 
•I'lltc  neenrnle  I  Inilnu  of  the  illlTerein  Inin  ion  (to 
wltliln  n I M m I  *,111  nee)  or  nenrly  perfect  Nvimloimlieii- 
I Ion  ot  the  two  einiieriiN.  The  opernior  In  Kiipplleil 
nidi  n  net  o|  rni linl  hi'IiIn,  Them*  lire  iniolo  of  trniiN- 
pnri'iil  niiiterlnl  nboiit  n  foot  Nimnre  nin|  nre  provided 
"It It  d  might  IIiicn  rmlhidng  from  n  eenirnl  point, 
•mirkeil  from  tl°  to  ,'tiltr,  but  not  uniformly,  Imoim  n 
Nliort  enleiiliilloii  IminimI  on  dm  known  iip|iro\|iiiiiie 
CNtlmnteN  of  the  iniimiith  mill  clevntlon  of  (lie  n\l-  of 
tlm  einimrn  in  ipiCNtlon,  the  operntor  ncIccIn  the 
Niiltnlde  rni lln I  nrli I  lo  lie  iinoiI  tilth  eneli  of  the  np- 
|0i  rent  piidiN  of  the  (nicer,  rein  live  lo  tlm  lurgd,  lie 
NiiperpoNCN  t lm  Kriil  on  eneli  nppn rent  pnfh  mid  looke 
for  n  pule  of  eorreNpotnlliiK  lending-,  mm  from  eneli 
Ki'hli  "hlrli  eoiitidiiH  NlneiltiineoiiN  triiccis,  I’m  ue- 
'’Unite  work  lntor|iolmlon  In  ncnwniry. 

MNKMATIC  MOIdis  |  ()|| 

TIIAINING  IM  H POSIS 

There  In  given'  ii  nIiiiI.v  of  n  device  In  which  n 
model  nirplmie  In  exhibited  lit  viiHoiin  i  1  iwt u in'i’M  mid 


ill  vnrloiiH  orleotHlImiN  to  Nhimliifn  t  he  uppejimueo  of 
uti  imfintl  nirplitne  In  flight.,  dm  olwerver  viewing,  not 
the  model  nirplmie  Itself,  lint,  rutlmr  the  hniugo  of  dm 
modid  In  n  mirror,  Tlm  device  wiih  denlgncd  for  mill- 
tiiiy  I  ruining  purpoNCN,  Tlm  idrplium  model  In 
mounted  on  n  unlveisnl  joint  on  a  vertlenl  hxIm,  mid 
Dm  orientation  In  id,  tlm  dlNpoNid  of  the  ofmmtnr 
through  the  milvei'Nitl  joint,  The  uppniimt  dlNtmmo 
of  the  iiknN  from  the  oliNervcr  In  changed  hy  moving 
the  mirror  In  which  tlm  olmcrver  vIcwn  tlm  linage  of 
the  iiiinIcI, 

I'onmihiN  mill  tnblcM  nre  Niipplled  In  the  report  re¬ 
ferred  to'  which  noIvc  the  |iroblem  of  determining 
the  poNiti oiin  ii|  die  mirror  mid  tlniNe  miglcH  of  rotn* 
thin  of  the  cIcnmiitN  of  tlm  indverNid  joint  which 
would  ciiiino  the  model  to  produce  a  Nliimlalliiii  of  mi 
nirplmie  In  n  "perilled  pimllhni  nr  Nciiimtmc  of  uiinI- 
IIOIIN. 

"'•»»  M'MKHICAI.  MIIIIMNIfVIlON 
AMI  SMOOTHING 

In  mniiy  IiivcNtlgiidoUN  It  In  ileNirnble  to  iletermhm 
till-  rule  of  change  of  n  function  dull  b  given  iiimmrl 
'•idly  ill  Niu-ecNNlve  IiinIuuIn,  An  the  given  lomierleMl 
\  iiIiicn  nre  Niibji-ei  in  error  (dim  to  rounding  mid  (tor- 
bi'P"  other  emiNCN)  mid  iin  niu-Ii  citoi-n  enn  hnve  u 
Inrge  elici  t  in  the  I'ldeiilnted  rule  of  clinngc,  noiiic 

melliod  of  . . idling  In  upproprliite,  A  method  In 

propoNeil  *»  which  . . .  llrowu  Unlvoislty, 

die  ITmikford  Aiscnul,  mid  elNewliere,  The  melliod  In 
iin  followNi  A  i till" lent |<-  function  In  tided  by  lend 

iN)|imrcH  . . .  Nimei-NNh  e  t)  viiIiicn  of  the  fimetlou  lo 

be  dllTereudiited,  mid  the  hist  mul  nccoiiiI  derlvu- 
d'<’N  of  (IiIn  ipindiiitli-  fiinelloii  ut  (lie  rent  ml  point 
nre  tnki-c  iin  the  Hist  mid  Hei'otid  dcrlvHtlvcN  of  the 
tubuiuied  fiiiict hot.  The  tiding  mul  dilTereutlnthin  In 

I  ""b  . . mid  for  nil  llternlly,  mul  fnrimihiN 

lire  nlitnliieil  lor  the  eNthimteN  of  the  llisl  mul  Nceoud 
derlvntlvi'N  of  u  liibiiinleil  fmmllon  In  terniN  of  tlm  It 
ordltiiileN  or  t  Imlr  dltTereiieeN.  Tlicnc  I’ormiihtN  prmdde 
ii  method  for  MluiidtmmoiiHly  dllTeii'iithidug  mid 

Niiiootlillig  n  tiiluiliited  fiiuedoii.  . . thins  of  degree 

Other  i linn  the  nccoiuI  mul  tinnilmis  of  tnbuhtted 
viiIiicn  dllTerent  from  tl  cun  lm  iinciI. 
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Chapter  11 

THE  RISK  TO  AIRCRAFT  FROM  HIGH-EXPLOSIVE  PROJECTILES 


11. i 


INTRODUCTION 


Iliim  "iiAi’TMt  Ih  . . iii'i'rimd  with  hiiiii" 

mu  1  lirMimt Irnl  iM'iilili'iiiH  miInIiiu  In  n 1 1 h  In 
"Hllnwit"  llin  |ii'nlmli|lil v  nl‘  iIhiiimk"  In  mi  itlrri'iiff  nr 
Ki'nii|i  nC  nll'i'i'iift  frnin  mn«  > n*  minty  hIiuIh  I'rnin  Imnvy 
iiiitlidiTruft  [AA]  kuiih  HoIhIimI  |ii'i il iIimiih  mini'  in 
ill i'- Iii-iiI r  IiiiiiiIiIiik  Mini  in  iilr-tn-iiir  nr  Krnuiiil-tu-idr 
incki't  llri1,  Inti  Ilm  iiuijni  (inrl  nf  Him  nnilln'iiinllnil 
iiiiiiI,vhIh  mi  In r  |mrfnmmd  Iiiih  licim  iluviili’il  In  |irnli- 
li'inn  nC  link  link. 

Thn  fnllmvIiiK  liimli'  iiuiimiii'id  |irnlili'in  undi’iili'H 
llin  wind"  iIImi'iimkIiiii  nf  link  rink! 

item  (,l),  Klml  tin1  |irn!ntlilllty  nf  dnimiK"  In 
mi  n li'i'i'n ft  finin  n  hIiikI"  -Imt  iilniiil  ni  mi  nrliltriiry 

lliilllt.  nf  H|Hl"i'. 

Tim  Hiilnt  ii  in  nf  tilth  1 1  n  il  ill’ll) ,  nun’  it  In  nttiiiunl,  Ik 
iikimI  In  Iiivi'hIIkmI"  Iwn  i mi j i n  |irnli|i>iiiN  nf  (Ink  link. 

/ViiWnii  (//),  'Pii  I'hlliiuili’  ilm  I'lTi’i'tn  nf  rnngi’, 
n It  1 1  mil’,  h|«mm|,  iirmimi'iiii'iit,  nml  h)im"Iiik  "f  niremft 
in  it  kIviui  IiiiiiiIiIiik  unit  nti  tlm  |iri ilinliillty  nf  iImmiiik" 
tn  nlrmift  nf  tlm  unit  frinii  mu’  nr  ninny  win  it  h. 

/‘iii/i/i'w  (f‘).  'I’n  mI inly  tlm  liitlni'iii'i’  uf  nltltiiili'i 
hI»"  nf  IiiiiiiIiIiik  iiiiIIh,  nml  m|ii<cIiik  h"lw""ii  i iiiIIm  mi 
tlm  t  ii’nl  ml  illl  I  y  nf  ilnuniK"  In  niriTiifl  In  n  liii'K"  I  Hindi* 
lute  iiiMuii  i'iiiii|umi'il  nf  tunny  liniuiilliK  iiiiIIn  nttni'k- 
luu  tlm  Minin’  Kiiii-ili'fi’iiili’il  ini'll, 

rim  iiiitjur  illfTi’i"iii'i<  In*! wii’it  | m il lii’iiiM  (It)  mill 
((')  Im  mm  uf  Mi'itli* ;  In  tirnlili’iii  (If)  nil  Ilm  nii'i'inft 
ilinli’r  "inihliii’i'iilinii  nr"  IlyliiK  "Iuhc  tiiKi’tlmr  in  mm 
I'IkI'I  fnriuntlnii;  In  |irnlil"iu  (( !)  nil  llmnll‘i'l'iift  iittimk- 
IliH  n  kIvuii  tiil'Ki't  n ""ii  nil  ii  mIiikI"  IiiiiiiIiIiik  WiIhhIuii 

III'"  I’liiihlili'l'i’il 

M lint  uf  tlm  work  mi  pruliliun  (A)  Iiiim  lii’i’li  ili'Viitnii 
tn  tlm  fnllnw Iiik  H|i""liil  i'iih"! 

I‘rrt\bm  (/>),  l’’linl  Ilm  |ii*i ilmlillity  uf  iIiiiiiuk"  to  nil 
nlrcmfl  frinii  it  hIiikI"  hIiuI  uliimil  tit  Ilm  tilri'i'itfl.  it «i*lf, 
TIiIn  h| imi'I ul  I’tinn  In  nf  Ki"iit"Ht  luti’i'i'nt  In  I'limimr- 
ItiK  iltt'  ri'InUvr  "fTi*i'Hvi'imnn  nf  two  dlffnumt  nfmllH 
nml  In,  Umi'i'fnt’i'i  tlm  i|iii<Htliiii  nf  Hint  iiiti'nwt  tn 


iinymm  |)IiiiiiiIiik  AA  "i)iil|ittmiil,  A  moIiiI  inn  nf  prnli* 
1**111  (l>)  Ih  iiIhii  iiHi  ful  In  mi  itlr  I'nri'"  mI inn*  It  nni  Im 
iihi’iI  tn  Htmly  rinkn  nf  ilinniiK"  tn  n  hIiikI"  it  1  ii'  in  It  in 
Ii'iiiih  nf  hIiiiiI  iiiiik"  iiiiiI  nltit mli*.  In  mlillt Inn,  mi  nlr 
finin'  iiIhii  iii’i'iIh  liifiiriiintlnn  nl  unit  |  in  il  ili’in  (A)  In 
nrili’r  In  mirk  nut  ri’llniil"  hiiIiiIIiiiih  of  |irnl iIimiih  (It) 
mill  ((')  fur  uny  fumint Inn  with  linin'  tlinn  u  hIiikI" 
nlri'i'iift  In  it. 

TIiIh  i'lni|iti'r  Ih  illvlili'il  IiiIii  hi'c'Iiiiih  hh  fulluw'H! 

Hci’tlnii  It, 2  iIIhi'iihhi'h  Ilm  Int limit"  |iru""HM  nf 
NliiinllnK  ilinvn  n  lininlmr  liy  u  friiKumutliiK  imiji’iilln. 

Sect |i in  1 1  ,:t  nlitillli'H  III"  innllii’iuiiti"ill  |ii'iili|"in  In* 
vnlvi’il  III  tlm  "uui|llituliuu  nf  linkH  I'rnin  AA  III", 

Hi'H inn  II  I  Ih  n  Hiiininitry  nf  tlm  IiiihI"  ri'fn nt s  In 
tlm  lli’lil  Iiii'IiiiIIiik  lint  mily  milk  tillin’  fur  III"  AMI* 
lint  iiIhii  hiiui"  "iiiili'i'  ri’|inrlH  ili’nliiiK  with  (irnlili’niH 
(A)  nml  (0),  Tlm  IIi'hI  hi'I'Iiiiih  mirk  nu  pi'uliliMu  (D) 
iimiIIuIiIk  In  tlm  wiili'i',  nml  tlm  Hint  imiiimIi It'int Iiiiih 
InvulvhiK  |*rt  ililt'iii  (A)  nn>  tn  Ii"  I'm  nu  I  In  twu  HrllUli 
ii*|inrtH  14  18  IhhiihI  liy  Ilm  Kxti’i'iui'  MiiIIIhIIi'h  |)"|inrl- 
ini'iil  In  Ilf  It)  nml  ItHl  iim  IIi  hI  uf  I Iii’hi*  14  Ih  iimltily 
I'uni'i'i'iiiil  with  iI"V"|u|iIiik  tlm  nmtliiMl  I'm*  "uni* 
Iiiii'Ihiiii  nf  illlTi'ii'iit  hIii’II  ly jii'm ;  tlm  hi’ciiiiiI  i#  Ih  (iiiii* 
litmlly  ili'Vut "i  1  tn  ii  rii|ili|  iiH'tliml  uf  IIihIIiik  mi 
utitimxlnuiti’  hi  il  n  1 1  *  ni  nf  |  uni  )|«*ui  (|))  I'rnin  |inrmn- 
"ti'lH  ili’Hi'illilliK  tlm  illntiililltliili  nf  hIii’II  IiiiihIh, 
In  11)12,  In  ri*H| iiiiih"  Inn  ri*i|imHt  frinii  tlm  (iiiilrmmi 
uf  NDUC,  n  "iini)iniiHiiu  wiih  iiniil"  '*  uf  tlm  iirnlinlil" 
I'lTi'i't l vi'iii’HH  iif  Iiiim  mnl  iimxlnilly  limi'H  In  AA  III" 
iiKiiltiHt  IiIkIi  li'vcl  IiuiiiIii'ih  nllimkliiK  n  h!iI|i  nl  hi>h. 
Hnuii  lli"i'"iifti*r  wiii'k  vviih  lii'Kiin  mi  n  minimi  Htmly  uf 
ilm  ili<|ii<iit|"imi<  nf  "(Tni’tl vimi'MH  uf  Hum  mnl  pmxhnlt-y 
fiiHi’H  nu  Ilm  frnwuit'tit nl I* hi  "lini'iii'fi'iiHtli'H  of  tlm 
Hlmll,  i’ll"  ri'|inrl  uti  thin  Htmly  iviw  dlnto'llmlcd  In 
MHft.  Tlm  hint  Htmly  nf  IIiIh  Ki'uit|i  "  iihoh  mi  ii|i|ii'iml* 
unit"  iimthuil  nf  muIhIIuii  nf  imiiIiIi’Uih  (A)  mid  (0)  In 
ui'di'i'  tn  liitv"  Hiuiii*  lufiii'inntlnii  with  wiilnh  In  nttimk 
IH'ulilmnH  (It)  mid  ((’), 

A  Hlmllm'  pmlili'in  In  wiilnh  tlm  prnlwtllw  Ih  mi  ivl r- 
Imi'im  riii’ki't  Ih  iluHi'iilmil  in  Hnctlim  1 1, 4, ft,  Many 
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MiHilli't*  HtmlloM,  mi  wily  comwnod  with  «<nrn|Hii-ln<iii 
nl  offeetlvenoNN  of  different  goon  ii in |  projectile^  imi 
K«*llp«l  logoi  hoc  In  Bool  Ion  IN, ||, 

Honllon  11,/S  out  linos  noiiik  of  I  ho  iippllcotioiiN  of 
tliew  dnnmge  oiilonlitllmiH  to  tiroliloiim  (II)  mol  (('); 
llnwo  o|i|  illi'itl  h  ii)h  oco  dlwiiNwd  morn  fully  In  I  ho 
(Ink  liiinlyfil*  iiioiinol mill  In  mi  AMP  report," 
Hootlon  1 1 ,11  In  h  lirlof  omieltidlng  loiiiink, 
it  In  tho  il  I  til  of  tho  diopter  In  iIoni'i'IIio  h  mol  hull 
loc  tmillng  imiliioniN  of  rlwk .  Httoolllo  iiiunoiioiil  onn- 
oIiinIoiim  m‘o  llkoly  to  liooonio  olwololo  liofoco  fuel  hoc 
iiooil  foe  thorn  oi'Incn,  I  hi  t  tho  tci'lmii|iic  hy  which  Iho 
coniiIIn  wore  ol  On  I  noil  will  ho  iiNi'fnl  on  long  on  wcnpniiN 
"‘lilt'll  iloNtrny  Ity  iiioiion  of  Hying  fi'iigiiionlN  nco  In 
iino, 

l(  limy  ho  noli  to  ley  to  1  lew  r  I  he,  cooghly,  ivhiil 
AMP  IniN  mill  I  ion  lint  ooiiliihntoil  III  |  |»In  Hill  iji'i't  of 
iltk  from  hlgh-espliwlvo  [IIKJ  projool lli'w,  Tho  AMP 
il' tit  not  "ilpply  Iho  migliud  o\) toil n ii'iit n I  hilorniii- 
•  Ion  on  ii liloli  Iho  oi>ni|iiitiitloiiNiiro  Imwd  ;  this  ooiiion 
from  n  viicloly  of  niiiicoon,  iiionIIv  \riny  mol  N'nvy, 
••BHD,  noil  Ill'll  lull  report  m,  Mooli  of  Iho  ftno  In¬ 
in  i  '1 1 1 11 1  it  in  1 1  ion  in  t  loo  I  theory  In  ooiitiilooil  In  miy 
olonii'iitory  nImHhIIon  IoM.  Tho  t  hoi  try  nntllnoil  In 
Bool  Ion  1 1  ,H  In  CNNontliilly  I  lint  given  In  Iho  curly 
McIiInIi  ti«|ii nl , Tho  |ii'hiol|iiil  pmlilcnw  nco  llnwo  of 
nlitnlnliig  iioonmio  orlghinl  lufniiimdmi  (for  which 

llio  AMPooiilil  Ink . .  wlml  existed),  of  develop* 

lug  I'onij  ml  nl  Iniiiil  (iriM'i'ihiroN  which  oonlil  lie  onrrioil 
through  ho  fore  (lie  inojooi  liooiniii’  olwololo,  ini'l  of 
Opl'lyhlg  fill  *NI  •  1 1'1'f  O I  |l  f  HON  1 1 1  Hl'lol'l  I'l  |  OXOIIIf  tll'N,  The 
Holoollon  of  Ill'll liiont  OMI Iiif lies,  tho  ilovo|o|onont  of 

. . . .  loohnlifiioM,  nml  II . iirryhig  through  of 

dll'  round  lug  Involved  iiiniii'llciil  work  lime  I  men  the 
pdnel|inl  ooiil rllnit Ioiim  of  die  AMI'  to  die  piiildcnt 
of  risk  from  fink  The  grout  or  |mrl  of  the  work  doin' 
for  AMP  In  the  Hold  won  omi'tod  mil  h,v  die  HIiiIIn- 

lloid  HonoiiioIi  Hi . .  of  Coliimhlii  i 'iiIvoi'nIi.v ;  one 

iniijor  ti'tiorl  11  finin'  from  Iho  Applied  Miilli . . 

•  hoiip  of  llivwn  IhilvoiNlty  mid  miothor  won 
""I'koil  mil  ill  roof  ly  hy  the  \MP  Muff  rmlior  I  him  hy 
IlN  OlllltrilOtoi'N, 

1 1 .8  mi:  I'll  VMM  '.A  I,  PHOCKBM  OF 

a  mi  a  i  ii(  :h  a  i-' t  urn; 

The  phyNtoiil  pioooNN  wIiono  nnithoiiiiidi'iil  pmliii- 
hlllly  In  III  lie  computed  i'iiiinIMh  of  tho  following 
Ntepn; 

1,  Tho  iirlghml  pi'iijootllo  In  Iminohod,  hi'i'Ivon  nt 
tmmti  point  In  npnoo,  mid  IhiinIn, 


2.  l,’mgmonlN  Hy  off  from  the  point  of  hiiiNt.  In 
imin.v  direct  Intw  lit  high  «pood 
>‘t.  Homo  (or  nunc)  of  thono  fragment*  Ntrlko  tlm 
liirgot, 

-I,  Homo  (nr  none)  of  the  frugmoiitN  Ntrlklng  tlm 
target  du  w nno  ilium, go, 

To  compute  tho  roMiilthig  prolnililllty  of  ilunutgo  wo 
■mini  lie  i d do  to  follow  nil  tlioNo  NtopN  mid  oolloot  tho 
totiil  link  from  nil  the  piinnIIiIo  noourrouooN,  ]<ot  iin 
hoghi  with  u  iIIm'HhnIuu  of  Ntop  (I), 

Tlm  pi'oji'odlo  wo  nro  dlNoiiNNhig  does  not  urrlvoln 
Npnoo  of  1 1 m  own  volition  Inil  I*  wnt  thorn  hy  noiiio 
nii'oliiuitf ji I  device,  If  t!o<  dovloo  wore  perfect,  the 
pi'iijootllo  would  iiIwiivn  I  Hirst  In  oontoot  with  Hn  inr* 
got  mid  the  pi'olnihllity  of  domngo  would  lie  unity, 
llnwovor,  giniN,  homliNlghlN,  mid  nthor  existing  do* 
vli'ON  hove  Iiiiiooui'iii'Ion  ill  iliwlgu,  omiNt  mot  Ion,  mid 
i ipi 'nt tli m ,  NO  Iho  pi'iijootllo  iN  not  very  llkoly  to  IiiiinI 
JiinI  whore  it  would  lie  mimt  olToi'tlvo  Wo  nuiNt,  then, 

. . .  In  ouch  niiiiiII  viihuno  of  Npnoo  tho  llkcllhnnil, 

Ini'go  or  niiiiiII,  dint  tho  projectile  n lined  nt  the  given 
•  urge!  nniy  Imi'Nl  In  Mint  loglim, 

A  grout  ilonl  of  miii'hllicry  iiiiinI  lie  tiwil  hi  got  the 
projectile  to  Iho  point  of  I  in  on  t ,  Thoro  iiiiinI  ho  hi  nno 
Nort  ol  tiro  oi n i Irol  device  to  oNduiiilo  the  Ii ii'ii t loti  of 
the  hi'Nt  pliioo  for  tho  proji'ot lie  In  Iiiii'mI  ;  the  pro- 
Jootllo  ii 1 1 1 mi  ho  fired  or  liiimchi'd  with  tho  propoi' 

d hoot  Ion  mid  . . I  in  got  It  Niimowhori'  uonr  the  do- 

"hill  (mint,  mid  llioro  iiiiinI  lie  Nome  Hurt  of  fiixe  to 
Net  off  the  explosive  clnirge  In  the  projectile 

I, el  i In  iIIwiinn  the  priihli'iii  of  the  licnvy  AA  gull 
In  Nome  dft  n  1 1  to  get  Nome  Idee  of  the  impei'leotlmiN 
dint  plugne  tho  tli'Nt  Ntop  hi  the  proecNN  of  Nhoothig 
doun  it Iroiii 1 1  with  gunnel  weiipiniN,  The  pi'lnelpnl 

flirt n  of  the  . . . I  die  filin' t lull  of  eiii'li  port 

In  given  In  the  follow  lug  ||n|, 

I,  Trucking  hint  oi  i  n  lot  1 1  m,  h)  it  Ion  I  or  rmliir,  mens- 
llio  p n 'will  (mu ring,  olovndmi,  mid  rmtgo  of  the 
torgot  mid  food  thin  liifoniiiitliiii  ooiil  him  mwl.v  to  the 
tiro  omit n il  f niiifiiitoi'. 

2  The  Hie  omit  ml  computer  uhon  the  ImlllNtle 
liniedoiiN  of  the  gnu,  I'Ntlnniti'H  of  the  priwenl  piw|. 
don  mill  Tilt  I’m  of  the  (ingot,  mnl  noiiio  itHMiimpdoiiM 
n I h «t It  llio  kind  of  pud i  tho  torgot  In  following  to  iwtl* 
mule  whore  the  gun  nIiiiiiIiI  he  pointed  III  order  (hot 
n  "In'll  Hied  nt  ptownt  time  with  tho iinnuiuoiI  holllNtlo 
properties  will  rein'll  the  turget'N  pntli  nt  the  fnlnre 
lime  when  the  torgot  In  thi'ro,  Kur  flute  fintes,  the 
oiiinpulor  oIno  on)  limit  on  the  proper  fmso  Netting  to 
tuuke  the  nIioII  explode  tit  the  tiirgot  , 

!i,  Autniimtlo  tt'iitmittMiiii  lyutoimi  omry  this  hi- 
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I'oimnHntt  In  tin*  hiiii  hi h J  fiiri'  seMer;  MervnmohirM 
point  tlu<  hhii  cimtlniioimly  In  tin*  direction  ordered 
hy  tlio  1 1 hi t it. 

4,  Thi’  hIh'II  from  1 1  in  hiiii  ivIiiiih  it  trnjee- 

lory  dclcrmlned  I iy  llin  lii'm'liiK  mill  eleviitlnn  mi'I  Iti 
by  llin  ni'rviiH  mid  by  (lie  mmsatlc  vnlncrlly  with  wlili'li 
Him  mImUI  Iciivi’M  l-liii  Him. 

fi,  1 1'  Hii>  mIihII  Iiiim  it  llmi'  fuse,  HiIm  i<x|iIim|i'm  tin* 
nlii'll  Minin'  Him'  utter  It  li'iivi'M  llii<  Him.  II'  Hie  mIii'II 
I  him  u  pruxlmlfy  fuse  (iiImh  enlli'il  VT  fuse),  mill  If  llin 

flllll'  (l|li<mll'M,  It  I'Njlllllll'M  till'  Mill'll  If  it  I'llllll'M  I'lllMI' 

i'IhiiihIi  In  tlie  tui'Ki't,  the  reipilred  |ii'n\iiiilty  i li*- 
lii'inlliiK  mi  illi'i'rt Inti  mill  inli'  nf  ihi i ii< . 

II,  If  the  H<m  hit|i|ii'liM  In  lie  (III II ! Ill I'l I  mi  «li!|i* 
hi  iii  ii  I,  the  ii  ill  mill  pit  ell  nf  the  mIiI|i  miller  the  huh 
mill  illl'i >i'tiii'  IliilMt  tie  eiiiii|ii'iiMiiteil  fur  In  Mti-|iM  ( I )  to 

(I), 

KitiiI'm  cmii  •ii'i'in*  In  nil  tlii'Mi'  m( hhi'm  Ilf  Hie  |H'iieeMM, 
Trneklnu  I'itiiI'm  me  iiiii'nmlly  mini  1 1  (of  (lie  nrdor  nf 
Hcvcrid  iiiIIm),  TIii'mi1  tnieklliK  citiii'm  tend  In  Inei'eiiMe 
with  Ini'ite  miHilIm1  nerelei'iillniiM.  The  lire  ennthil 
enmimtei'  Iiiim  miii'Ii  ii  eninpli'X  |iriihleiii  In  miiIvc  Hint 
It  i ihi inlly  Im  I  it i  II t  with  n  liiiinhei  nf  Hlmplil'.viiiK  u|i- 
|)t*i  iv  linn  t  Ii  him  mii  Hint  rnn*idi'rnhlc  eri'iii'M  enn  iii'Inc, 
The  Iiii'hi'mI  nf  tlii'Mi'  ( i'< iiii lin hi  In  nil  prciiicl < mm )  emne 
In  n  1 1  two  Miitii'ei'M:  (ii)  llnenr  pri'dlct  Inn  I'nr  enn  nil 
fiiitliM,  uni!  (Id  the  time  Iiihh  I'liiiMcil  hy  Hie  neeewMily 
nf  miiiiii >1  Ii iiiK  Hie  rniitth  iiilurmiilinii  Kii|ipli<*il  hi’  Hie 
li'iiekiiiK  iiieeliiililMin  mid  hy  the  1  line  nf  Hitch  I  frnin 
Kim  tn  tiil'Kel,  The  t in iimim ImmIi in  mnl  Menu  n,VmIciiim 
Iiii vc  n  time  Iiih  mid  iiImh  Iiiivc  llilcimd  nMelllnllniiM  nr 
"jitter,"  The  lire  emilrnl  I'lMitpiili’r  Im  iiMiudly  i‘\eccd- 
IiikI.v  nimplex  mu  Him  Hiere  In  n  eerinln  minmiii  nf 
hint  tm  it  Inn  In  Hem'  tin  in*  mid  nci'Viim  Ii  im|<  |c  the 
enmimter  IlMi'lf, 

Viter  the  mIh'II  In  Hindi \  tired,  it  mOii'In  nut  nlniiK  M 
ll'iijei'fury  which  enn  tin  Innuer  lie  lidllleiired  liv  nny 
nelliilt  nf  the  hum  crew  The  |itirp<iMi<  nf  iiiumI  nf  Hie 
eniii|illeiiti'd  llie emilrnl  mnehlnery  m  inuel  It  Mtnrted 
n  Ii  mu  n  Irnjcclnrv  wlileli  m  III  Ih'Iiik  the  mIii'II  chine  to 
the  I  lined , 

If  HionIii'II  Im  ei|iii|i|ied  with  n  |in iiimity  I'inw*,  UiIm 
In  nil  Hint  enn  he  dniic ;  the  luxe  e\|ilndi>N  tin*  mIii'II  if 
the  mIii'II  |iiimmi'm  lien r  eiinnuh  In  the  tni'Ket  under 
Hiiltnhle  I'niidit ImiM  nf  eliiMiire,  If  the  mIii'II  Iiiim  n  lime 
fuse  nlher  MiiureeM  nf  emir  nre  -IIII  pri'Mcnl ,  The  emu* 
ptllci*  Iiiim  eMtlinnleil  ivliere  the  tni'Ket  will  Im  wlieii 
the mIii'II  emi  rein'll  It,  Iiiim  tried  In  mi>I  huh  Im'iiiIiih  mid 
eli'viitluii  In  n 5*1  the  mIh'II  tmjei'tnry  t himitth  Hint 
fiullit-,  mill  Iiiim  tried  In  Met  the  luxe  In  ex|i|nile  the 
mIh'II  when  ll  |iiiMMCN  thi'niiuh  Hint  point .  In  inldithni 
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tn  hnimirney  of  pm  lint  Inn,  errni'M  uIiiiih  Hie  t.mjed- 
tnry  lire  lucrciiMcil  hy  thn  vurlniilllly  nf  time  fused, 

Once  Hie  fuse  npcmt cm  mnl  Mm  hIicII  hurst, hs  Mm 
next  Mti'ji  In  the ih’iici'hm  Iii'kIiim,  In  UiIm step  the nuturo 
nf  the  Mliell  mid  Its  rnmnliiliiK  velnelty  nre  the  Ini- 
portmit  I'uet oi'M.  The  IiiiihHiik  exphiMlve  elmi'ne  Hlnd- 
tei'H  I  lie  "Ill'll  i'iimc  hit  nit  inirnhei'iil  fmieinciitHof  vitrlmiN 
wcIhIHm  wlileli  lly  nIT  with  viii'Iiiiih  lull  lit)  volueltleH, 
The  mitnher,  t  he  weight  dint  i'll  nit  Ion,  mid  Hut  pul  t  ern 
In  which  I  hey  lly  nIT  fi'nin  the  burnt  vury  with  mmli 
i  pm  lit  It  ii'M  un  |  In*  IhlekiiiiMN  nf  u  Mliell  i'iimIiik,  Hie  tot  id 
welnhi  nf  the  Mliell,  llie  exphiMlve  ehiii'H",  uml  other 

i  hnrui  terlMl Icm  nf  the  hIicII  IlMelf,  The  initlul  velocity 

ii  friiKinem  piimmi'mmi'm  Im  t  he  veetnr  Him  nf  the  velnelty 
ll  would  Im  ve  fi'nin  the  hni'Nt  nf  n  Mliell  id  I'CHt,  111  Hpitee 
) il i im  the  ii'innliihiK  velnelty  nf  the  mIicII  lit  the  time 
nf  Inn'Ml,  Ah’  I'CMlMliniee  mIiiwm  the  I'ruKinentM  iim  they 
lly  fi'nin  the  I >i it'Mt  until  they  me  hoIiik  Inn  mIowI.v  tn 
dn  nny  nIkiiIIIi'iiii)  dniiiiiH'',  HiIm  till*  i'chIhIhim'c  vtirleM 
with  the  till'  deiiMliy,  Hint  Im,  with  the  idtlllide,  AImii, 
the  friiHiiienlN  Mpiend  further  upni't  iim  they  lly  from 
the  Iiiii’mI;  the  IHiinhei'  nf  dendly  friiKmi’lf Im  iiiimmIiik 
Hii'iimhIi  eni'li  mi p nne  t'liul  nf  the  Mpliere  nf  i'imIIiim  lull 
I'l  tilinnl  the  I  in  I'm!  would  lie  indy  noe-fi  met  h  nf  Hie 
inimher  nf  ihinlly  friiKmentH  pummIiik  i IiI'oiikIi  eneli 
Mipinre  flint  nf  the  Mpliere  nf  iiiiIIiim  fill  ft  nl  mill  1 1  in 
Inii'Hi  even  If  there  were  iiii  nlr  ri'MlMtuiiee  wlmtever. 

If  llie  IiiiimI  ueeni'M  eliiMe  ciiuiihIi  In  Hie  tni'iect, 
hi  nne  finmiii’iilM  limy  ntrlke  with  iiinre  nr  Icmh  effect. 
If  the  tni'Ket  Im  iiii  exeeedhiKly  complex  device,  like  it 
liens  v  I  n  mil  mm  ,  there  In  m|  ill  llie  dllllcnl!  problem  nf 
••HlhiudhiK  the  pnihnhle  elTeet  nf  Himmc  I'ruKinentM 
which  Mtrlke  even  niter  we  linse  nil  entl unite  of  the 
prnl mhle  iiiiimm  mid  velnehy  iIImIi'IIiuHuIih  nf  llie  mIicII 
liiiHnieniM  ni  vnrlniiM  dlNiunei'M  mid  dlreethinH  fi'nni 
the  mIii'II  Iiiii’mI  .  I'iii'Im  uf  llie  Inl'Hi'l  nre  Iiinre  vnlnern- 
hie  Hum  nthei'H,  Minne  pnrlM  me  inure  viilnernlde  fi'nin 
mie  direct  Inn  I  linn  front  mini  her,  miiiiii'  pur  In  Mlileld 
nllii'i'H,  NnllihiK  pii'i'Imi'  In  knusvii  m  hi  iii  t  llie  kind  nf 
liiiMmcid  Mlrlki'N  reipilred  tn  kill  ur  Injure  pci'Minmel, 
It  |m  mil  knusvii  wind  elnirneterlHtle  nf  the  IlyliiH 
IritHinenl  iiniki'M  It  dendly,  Im  It  llie  klnelle  cnei'Hy, 
the  mntnciitiini,  iii*  Minne  nllier  eoinhlimt loll  nf  iiiiimm 
uml  velocity?  ’I'IiIn  hlfiil'iiint Inn  Im  needed  III  deeldlliH 
which  f rn ici oco I m  In  eniiMlder  ill  toiy  iIImI iiihm<  fi'nin  tlm 
mIicII, 

If  ill  IIiIm  pi  Hilt  In  the  dlMi'iiMMlnn  I!  nppcui'N  til  Mill 
render  ipdle  hiipinlmhle  Hint  nny  nlreruft  In  ever 
hnnijtlit.  down  hy  AA  lire,  lie  will  liuve  llie  enri'ei'l, 
ImpreMMlnii  iim  fur  iim  mIiikIc  mIiiiIm  nl  illicit  ulHfndc 
hninlierMiireeiineerned,  ItcenrdHof  Aiiierii'Hii,  tlrll JhIi, 
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mid  Cleriniin  gioiim  Idataed  IMI-mm  to  A-|i».  gun*  col- 
lit  VII  I'iOIIH  tilllCH  dlll'lug  Will'll  I  Will'  II  allow 
♦lint  I ,A<MJ  to  2,A0(I  aliella  were  llvi'il  tor  each  aircraft 
knocked  doivii,  TIiIm  menna  Hint  alngle  A  A  guiia  um 
not  "liii'li  more  t Inin  n  milauitee  to  attacking  Immli- 
H'm;  llw  I  ,'mniiiiM  imulv  I  fair  A  .1  ik/nttu-M  rj-livmvly 
tfaiigeroHM  I ml  wily  hy  uma/W  Jh,i<iion,i>r  with  yo ml 
«i 'mill  nmmmul, 

It.n  Till-:  matiikmaticai, 

or  tiik  mu-:  covruoi,  ihioiii.cm 

Itm-iiiiM*  of  till'  extreme  complexity  of  1 1«>  lire  eon* 
ti'oj  pi'ol ill-lit,  which  rn 1 1  In'  aolved  iniiy  approximately 
I'.V  tiny  ttii'i'lui iili'ii I  device,  It  In  nut  |ihmhIIi|i>  to  decide 
whether  "i1  mil  a  allot  llri'il  ni  n  given  Inaianl  will 
IiiImk  down  llii<  lurgct;  even  n  complete  knowledge 
of  the  |  in  III  of  the  target  up  In  tin*  time  the  hIiiiI  wiih 
Hl'*d  would  not  Hiilllee  tin  perfect  pri 'diet Inti  alime  the 
t n i'H'i'1  linn  Moine  eoiiMiilenilile  niooinil  of  time  to  net 
otT  1 1  h  original  eourae  nftcr  the  allot  Ihim  keen  tired, 
ft  would,  |ini'|in|iH,  he  nnliii'id  to  try  to  fonniilnie  the 
pl'« il ili'iii  ot  rink  troll!  n  alugle  allot  hy  ii»klng  where 
the  nIioII  will  ho  I'm)  mid  whether  n  Iniral  there  will 
i  lent  my  the  target,  I'nfnrtmmlfly  tlieae  <|iicnt  h  >iih 

. . .  •«>  itiwiveiedi  we  n>|ilnee  them  h,v  other  ipica* 

llotiM  idiniMi'd  In  tcrniM  of  |>n «l mhlllt lew. 

If  it  region  of  M|inee  Im  glv . w  ind  Im  the  prohclilllt  v 

ihnt  n  mIii-II  will  Inirat  In  Hint  region’.’ 

If  the  mIii'II  hni'Mt m  til  n  given  point  III  M|Miee,  wind 
Im  the  Iirohnhillty  Hint  the  target  w  ill  he  deMl roved" 
How  enn  the  tntnl  |»n ihiihllily  Hint  the  target  will 

he  dewtroyed  . . tnptdcd  from  the  aiiawera  to  the 

preceding  i|ocmI  Ii  him? 

TIiomo  Him)  two  i|ii"MtloiiM  do  not  Inive  the  Mitine 
niiMwei'M  under  nil  fiOMMlhle  tnetlenl  NltnnllniiM,  for  cx- 
ii tuple,  the  niiNwer  to  the  Hi'mI  < 1 1 u'Mt I* tu  eertnlnly  de- 
I'endM,  to  Moine  extent,  on  the  runge,  nllltude,  M|ieed, 
mid  dlreetlon  of  the  target,  nod  the  niiMwer  to  the 
Meeond  de|iein|M  greatly  on  the  m| rnetiire  of  nhell  mol 
bd'gel,  However,  onee  nilioerlenl  f  xpleaMlnliM  me  ole 
tnlned  lor  the  llrat  two  < pieMt Ioiih  In  n  given  Mltindlon, 
the  third  i |IU'mI ion  enn  lie  ntiMwered  hy  the  enmpn* 
tntlon  of  eertnln  doll n II e  iuti'Ki'ii Im. 

In  Meet  Ioiih  1 1  If  I  to  1 1  .ff.fi  we  iIImciimm  tlieae  three 
i(ne«t  Iiiiim  Me|  in  rut  cly,  Heftin'  going  on  to  tlume  acpn- 
rnte  <  ptoxf  lot  im  we  mIiiiII  dimerlhe  eertnln  eoordlnide 
MynteiiiM  which  will  lie  iimciI  eoiiMlMteutly  through  nil 
Hint  IoIIowm  In  order  to  ludp  deMerlhe  the  tnetlenl 
nit  nut  Inn  mul  Ihe  I'linet  loitn  to  he  lined  In  t  he  forninln- 
tion  mid  moIiiHoii  of  t  he  prnlilciu,  To  nee  why  nitelt  u 


divni'Mity  of  eoonllnnteM  nppetira  in  the  problem,  It  In 
only  neeoMHitry  to  note  tlnit  the  mere  deaerlptlon  of  a 
tnetienl  Mltindlon  In  whieli  the  prnbubllitli'a  lire  to  he 
computed  ifrpilrca  knowledge  of  the  (future)  range, 
elevation,  bearing,  diivetlon  mid  apeed  of  motion  of 
Ihe  target,  nod  the  type  of  gun,  nliell,  and  fane. 

I'W  cui'li  almt  from  a  heavy  AA  gnu  In  a  given 
tnetlenl  Mltindlon,  the  mIii-II  Im  Intended  to  bural  at 
Home  point  it  In  Mpnce  at  a  lime  when  the  target  In 
at  or  near  Had  point,  We  mIiiiII  Net  up  a  rertinigulur 
fonrdlnnle  ayatem  for  loeidlng  0  from  the  gun  um 
IoIIowm  (Mec  I'lgnre  I ).  The  origin  of  the  ayatem  Im  at, 
•lie  gait,  the  //  iixIm  Im  vert h'nl,  the  .V  n'xla  |m  |mrl- 
«oalal  and  pniuta  In  Ihe  dlreetlon  of  lllglit  of  tlm 
target  alreriill;  the  I  axla  la  iiImi i  liorlxiiidiil  and  at 
enmderelnckwlac  from  Ihe  ,r  iixIm,  when  viewed 

from  ahove.  . . the  Intended  point  of  Iniral,  H,  ean 

lie  deal  Tilled  hy  Ita  eont'dlludea  (,V, )’,//)  In  thin 

ayah'in.  Vurlnna  other  . irdllialea  are  tilao  naed 

to  loeale  ft  Among  flame  are  the  alnid  range  l>  « 
v  X1  f  ) "  f  n\  the  gnat t III  range  Ii  •  \/.V*  -f 
the  angle  It  helweeu  the  X  axla  and  InirlKootal  pro* 
jeellon  of  the  line  from,  the  gun  to  it  (((da  angle  la 
Ha'  iikIiiiiiIIi  or  I  louring  of  it  from  the  gun  relative  to 
Hie  .V  dlreetlon),  and  A',  the  elevation  angle  of  the 
Hue  from  the  gnu  to  H, 

Parallel  to  the  X,)  ,11  f< ton II mite  ayaloni  take  all 

A m, ayatem  with  origin  id  I),  Tlila  . rdlmdit 

ayateni  la  iiaeful  In  ileaeilhlng  Hie  poaltlou  ri'lallvo 
tot/ of  target  pliiuea  at  the  time  of  hitral. 

We  ahull  Ignore  the  drift  of  the  projectile  ami  tta- 
amne  Had  the  vertical  plane  through  H  and  the  gun 

. .  the  entire  trajectory  of  the  aliell,  We  define 

an  .r,//,<  enorillnate  ayatem  with  lla  origin  at  the 
point  of  ului  ft,  with  the  *  axla  pointing  away  friitn 
Hie  gnu  along  the  trnjeelnry,  with  t lie  ,r  axla  pointing 
upward,  perpemlleiilar  to  Hie  i  axla  In  the  vertical 
plane  through  the  trajectory,  ami  with  the  y  axla 
I'hoaen  to  make  ,r,y,t  a  right  ■handed  ri'i't migit ini'  no* 
ordinate  ayatem,  that  la,  at  IM"  coiui t I'l'i'hii'k W'liati 
*  rum  the  ,r  axla  when  viewed  from  the  j  illri'ct  Ion. 

We  aliall  alao  have  oei'tiMloii  In  itae  all  it, ft, c  eiiol'dl* 
Hate  ayatem  aiipi'rpiiaed  on  Ihe  .<',//,«  ayatem  when  ilia* 
eilaalng  foi'uiallolta  of  alri'i'aft  III  Heel  loll  1  I. A 

We  aliall  iiaaiiiue,  III  il . .  of  ft  tu  lie 

eonaldereil,  that  the  eurvatnrim  of  the  aliell  trujee* 
'"'lea  ai'e  aiiaill  enough  In  neglect,  and  that  tlicae  tm- 
jei'tnrlca  I'lin  lie  roi  laid  find  aa  atriilght  Ilium  parallel  lo 
I  Im  i  axla,  We  aliall  alao  negleet.  any  yawing  nf  the 
aliell  ami  itaamne  Hull  Ilia  aliell  at  the  time  of  liiirat  la 
aplnnlng  ulmiit  an  axla  pumlli'l  to  tlm  »  axla, 
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I'HK  ItIHK  TO  4IHOH4KT  KNOW  HlWH-KSd’hOSiVK  f'HOJNOTf  I.Kft 


Mm  Ih  iH'Blci'tml  In  ihunI  |mrl*  ol'  llm  nuni|Mi* 

tnl  inn  mill  In  Ini'ludnd  only  In  llm  Ntndy  uf  I  lie  nm.i- 
•«T  hIiuIn  ttllll'll  l'|W!  |||>  |||1’||  U  I||||<  |||,i  |  j||<K|,|  |N 


I'  "1'  *IH  <  ''MMlIlllllll  r.  n|'  llrlliiil  jliilul  n|  li||,.| 

( imliill)  I  In  i  lii’  ,i vi, /  K\«lt'iii  uf  I’’immii’  I  hi  iiiiiiiii|i<i| 
llllllll  Ilf  ll|||>|  I 


u  lililn  nnmi'  (ni>i>  HucHuh  1 1  A  1 1,  Tin’  iniiKiiit m«|i<  uf 

till'  I’HIIIN  I'l’NIlllllIK  In, in  lllU  lll'ull'I’l  Ml'  till,  llllllll. . 

id'  Npi’i’il  mi  imrui'iiut  uf  llrn  mnl  mi  Hi,,  dumlllimNN  „f 
tlm  ludlvldiiui  ITiiK<in'iil»  iw  nut  knmui, 

il, M.  i  I'lii’  niwtrlliiillon  of  Slit'll 
HiitmIm 

Il  III  II  Kil  l’ll  I II I’ I  It'll)  oil  llll I  lull  Imm  lii’in  lv  |,n  |l 
niiild  I •('  t(’|iri h I ni’i’t | )  n  liii'Ku  iininl, nr  nf  nIioIn  unrn  in 
I"'  lli'nil,  limy  tumid  mil  nil  Inuxl  In  1 1  in  niiiiiu  jilnnr 
lull  tumid  Im  Ni'iillnrnil  IIii'iiiIkIi  ii  Iiii'kc  viilinun  uf 

"I" . I  llm  linllui'  llm  llm  niilill'ul  1 1  ini'  I  in  ■  1 1  hi  i  < ,  ||in 

Ill'll ri'i'  llm  I'l'lilnr  , ,1  HiIh  nciiI Iui'Iiik  uf  IhiinIn  will  Im 
In  llm  |  it  ill  1 1  uf  nllil 

Wu  iiNNiinin  Ini’  nni'li  liu'l  i('n  I  h|  1 1  in  I  Inn  |  i  in  |  limn, 
nHl"lNi»  fimi'l  ion  /■'(.(■  ,//,*)  which  wunIiiiII  cull  Hin  /in./i- 
nlih  ilriimlii  ri/  Inirnln,  mil'll  (lull  If  u  Inrun  It  mill  rni'  ,V 
uf  nIiuIn  were  lin'd  In  llm  «lvnn  limilciil  nHiimIIuii, 
llmi  i  llm  ii  i  uni  inr  nl  nIiiiIn  i<\ |  ini' I  ml  lu  Iiiii'nI  ill  u  ciilili' 
'""I  N|uii'n  II  ii tiilii I  (,»',//,*  l  w  (ililil  Im  V  ■  />'(, r 
Mt'Uin'dnd  In  nnullinr  wny,  F(x,n,t l  In  llm  |iruliiihilily 
•Il'H  il’  II  Nlnuln  nIiiiI  In  Him |  In  ||in  ulvnn  Inclii'iil 

nIIiIUI lull,  llm  Iiiii'nI  will  uci'iii'  In . .  fnul  uf  n|iiii'I' 

ni'iiliiiil  f, i", Hy  llm  iihiiiiI  iii'iiccnn  uf  nuIIIiik  ii|i  it 
ili'tllilln  I  ll|  ill'  Ilill'KIill  I  Hl'l'  imy  urn, (I  cnli'iillIH  I  milk) 
Il  nun  flmii  Im  Nunn  Ililil  If  //  In  imy  I'l'ulnn  In  N|iinm, 
llm  |ii‘iiliidi|lll,v  I  hid  n  nIiikIu  nlml  lin'd  In  llm  ulvnn 


•  wiliiil  nil  Mill  Inn  w  ill  Iiiii'mI  Nninntvlmrw  In  Urn  rnulou 
t  ’  In  ulvnn  Dy  ////’’(, r,u,tbMyih  tvlmm  Mm  trlplu  In* 
li'«ml  In  litknii  iivni'  llm  rnulun 
Tim  ni'l  tod  tin  I  urn  uf  HiIn  fiiucllnii  wlilcli 

i*x|ii'n«NUH  I  Im  |ii'iiliitliln  dnii*ily  uf  hIicII  Ittmd  n  lliruiigli- 
uiil  N|iiinn,  In  uni  very  well  kiiutvn,  Mlimn  Ihe  Integritl 

m 

i'X|irvNNi’N  llm  |irul inhillly  Hull  llm  nIiuII  will  liiil'Nt 
ni Himwlmrn  in  N|mcn,  HiIn  iimiiun  Hull  If  nil  finmn 
•»| n*r«l«*  nu  lliul  every  nIiuII  flri’il  Ihii’nIn  winintvliern, 
limn 

Iff  -  I.  (I) 

Il  /,'  |mr  rnnl  uf  llm  fiiKuN  full  In  n|mi'Hln,  I  Im  H'i|)ln 
Inli'Kiiil  m  ,  in  Ii  I  liiiic  llm  i  uliin  I  k  HID  llnwvvnr, 
nIiici'  HiIn  In  ii  i'uiinIhiiI  fimlur  Inr  n  ulvnn  fiom  I  ypn  1 1 

In  I’liHtnr  In  uiiikn  I  Im  . . rill  nuin|ilitill  Iiiiin  iiihIui'  I  Im 

n  nnii  1 1 1  j  il  ii  in  llmi  nil  fimuH  n|  n  ’ru  1 1 ',  nlnl  limn  niU'Wl, 
llm  IiinI  nIiiuc  nl  llm  I'lilniilul Iiiiin  nf  rUk  I *y  multiply* 
inu  hv  I  IiIn  upend  >llily  fncliu  , 

Hi'i'iilliiiu  llmi  llm  t  iixIn  |  ml  ii  I  h  iiIuiiu  I  lie  tciijnn- 
l"i,v  HiiuiiuIi  llm  |iulnl  nf  niiii,  wc  ni 'n  HiiiI  llm  iIIn- 
I rlliiil inu  nl  Ihii'nIn  i iiii'ii iii I  lu  llm  f  iixIn  In  ilnlnriulimil 

hv  nrrni'N  mill  hi . liiiul  Iun  lu  llm  Hit . ill  nil  |U'ui'i’nh 

iiiuI  hy  llm  Itidiinl H*  iIIn|iui'n|«iii  uf  llm  u>>i<i  llm  witui'm 
nlniiK  llm  I  nijni'iury  ili'imiid  uu  Hiunc  ii  ml  mi  tlm  fintn 
l,V|i*'  iih  ni'll,  llnunn  llm  ruxl  uf  HiIn  xnntlnli  I'm  1 1  h 
nuliirnlly  lulu  in  u  |iuiIn  m'curilluu  iin  I  him  ur  piuxlui* 

H  v  f 1 1 hun  urn  iinuiI. 

Tito:  I'V/,i:n 

I  ni'  Hum  fintuN  |i  In  Knunrnlly  iinniiiiu  I  Hull  llm 
urruiN  nl  llm  //-,  n ml  {•nuurdlliiile  illrci'l Iiiiin  urn 
iii'lu|"’iuluiil  uf  nun  iiiinf Imr,  Miilhuiiiiil li'iiiiy  HiIn 
iiNNiuu|iHun  uf  liiilu|iuiiili'iii'u  In  furiiiiilnluil  hy  nii,vIiik 
Hull  In  ii  |irnilui'l  nf  llii'nn  fiuinl Iiiiin  nnuh 

di'imiidliiK  . .  .  uf  llm  viirlnf iIun,  HiiiI  In, 

/’(•r, f/,f)  /i(.i')/ji  (//)/,  iff  i,  Uf  i'diiixi'  llm  iirciii'iiuy  nf 
HiIn  iiNNiiui|it |i in  In  n|inii  in  i|iii'Nlinii,  fur  nxnni|(|u, 

"•Mi  ii  Hi" . I  ml  |irni|li'!nr  iinIuk  ii  prnMi'l  nlHludn 

inmlliiK  llmru  In  iiIiiiunI  I'urlutli  In  Im  ciirrnliiHnii  Im* 

• . . .  nrruir  in  llm  //  mill  t  dlrnnl Iuiim  (uiiiiiiik 

nlimiN). 

Si  Hen  im  furl  Imr  lull  ii'iiin  I  ii  m  In  nvitllnhln  ol  unit  ihn 
Nlriirlurn  uf  /'Vd/PH,  il  In  liirtlier  itNNtiiimd  HiiiI  Hiunu 

"'Thin  In  llm  tint . .  dlrnnl  Iiiiin  urn  (Iiiiin- 

nIiiii  did  i  ll mt Iiiiin  w  ith  muiin  Kern,  1 1m l  In,  It  iu  urn 
N'lilind  Ililil  llm  nri'iii'N  hi  llm  three  nuiii'dlmite  illtun- 
Muiin  III  Urn  iinniml  nri'ui'  nui'vn  fur  Hm  prop#!'  nluilee 
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*sf  the  (Kin mini* l  devhtflnii,  Hindi  u  fuiiHlmi  Iiiim  the 
flit'll* 


/(/) 


!Ll! 

V'2irif 


hii,  iiiiildplylng  together  three  Miii'li  fniU'tioUM  vvilli 
llin  n|)pi'u|ii'liilc  varlnhleM,  iiml  iialng  t Ik*  iiiIch  IW 
mult  IplyiitK  <>X|})iii*>iit  In  In,  wo  mi>i<  t  hut ,  ink  lei  all  IIicmc 
UMHiimiillniiM,  tlii<  prnhnhle  ili'imlty  nf  hursts  cim  Im 
expreMMed  In  tln>  fiii'tn 


fix*.  »i*  I  »l*  »!*  I  />  <i,‘< 


(2) 


W'llel'e  (  I-  till*  IlflMf  III  llllt  Ill'll  I  I)  l^lll'lt  IliliS  liiiil  |7||  iry, 
mal  itn  a  I'M  tin*  mI  mu  lii  cil  i  levin  l  Inn*  nf  I  lie  crmix  In  the 
//,  mill  ;  illi'i'i'llniiM,  l'i'M|M'i'tivcl,V,  The  vhIiimm  nf  »n 
ir*,  mal  m  iiiiimI  lie  fntiinl  hy  «<vti«*i*liiti*iit  nr  hy  cum* 
imtntlniiM  i |i'|i«‘in linu  mi  (lie  millin'  nf  tla>  wlmle  lire 
foul  ml  "Itniillnii  Tlielr  ili'|ii'iiili<ni'i'  nil  (lie  liu'llenl 
hI t tin  1  h »n  In  lint  known  nl  the  lime  thU  is  written  ttl- 
llinngh  viirlniiM  eMtlnnili'M  lime  lieen  niinle 

A  ills!  I'll  lilt  lull  Ilia  nf  the  fnritl  (2)  Im  MiilnetiineM 
eii  I  lei  I  mi  rlliiiMiitlul  t  IiiiimmIiiii  <  lint  rihudnii.  TIiIm  iinme 
Im  ninllviileil  liy  the  hIiii |ie  nf  the  MiirfneoM  nil  which 
/''(.r,//,i)  Iiiim  itliy  given  eniiMlmil  value,  If 


then  the  exfiniienl  m  iiImii  i'iiiimIiiiiI ,  llinl  Im 


,i,j  //'■*  t‘ 

■j  -f  j  |  „  ***  eniiMlmil 

a  i  nj  n,( 


It  Im  nIhiwii  In  any  eleineiitiiry  mmlylle  geometry 
honk  tluil  Ini'  llliy  IIUmIIIvi*  miIiii'm  nf  the  enliMlinil 
(IiIm  >><  |i  id  I  Inn  ih'lilM'M  mi  ell||i«nlil  with  it-  |  nl  i  nl|  nil 
iiM'm  nh'liK  the  enni'illinile  iixcm 

Miw  I  nf  the  re|mrlM  -iiiiiiinn imeil  In  Heel  Ion  II  t 
ii— nine  I  hit  t  the  |irnlmh!c  ilen-H\  nf  Iiiii'mIm  |«  glum 
hy  an  elll|iMnlilnl  ( Inn— lull  law  nf  the  form  (2i.  Mont 
nf  tlii'-e  re|inrlM  make  the  further  hmhiiiii|iI i< <n  that 
Inle rn I  ami  * crtlen I  Mliiinliml  devintloiiM  are  eijiinl, 
that  In,  that  ni  »»,  Then  the  jii’nliiihle  ilen-lty  nf 
Iiiii'mI m  Im  |(i ven  hy  a  M/i/arah/a/  (IiiiimmIiiii  iIImI rllmthai 
nf  the  form 


/■’(.r  ,//,*) 


1  lla'I  u<  -i*i  |  O'  rn'i  I 

(  V' 2ir)9ii|iiii 


IM) 


l<el I hi|t  m  an  •*  r  tlilM  in n  iiImii  he  written  iim 


r 

(  V^irlVi 


it  (7*  I  #*  I  rVl  »i*  | 


One  ri*ti*irt iIImi'IimhimI  In  Heetimi  II  f.l,  iimi'h  a 


mure  general  elii|iMu!ilnl  (IiuimmIiiii  diifrilndlim  than 
that  nl'cqnnlinn  (2t.  The  I'nrfmilH  Im 

-  A7  mr*J'  (■}) 

where  Im  a  itetieml  ((iimlrutle  fnnel  nil  of  ,r,  //, 

mal  ;  which  can  he  written  In  the  fnrin 

*  <i(J'  —  n)1  -f  HlJ  ~  0>'J  +  c(i  —  y)1 
4*  2f(i/  -  P)(t  -  y)  +  2f/(j  -  y)(.r  -  n) 

4-  2/i  (,r  -  ««){//  -  rt),  (5) 

ami  where  l\  In  mo  elniMea  that  the  integral  nf 
over  the  whole  M|niee  Im  eitin«l  to  one  It  In  mIiowii  In 
any  Noliil  mailytle  geometry  text  that  the  Miirl'aeeM 
*»  eniiMtmit  are  elli|iMnhlM  eenlereil  at  (i»,/S,y) 
when  the  I'lN'IlleientN  MiitUfy  eerfalli  cninlltlnllM, 
TIii'mc  elllfiMnlilM  need  lint,  however,  he  net  with  tlielr 
iixcm'  idling  the  enni'illinile  iixcm,  TIiIm  inure  general 
iIImI I'jimtiiiii  of  In i i'mI m  Im  n! ndleil  in  the  r<<|n»i't 

Aunt  her  1*1*1  ii irt,'*  wlileh  w  ill  lint  lie  iIImi'IInnciI 
fun het'  In  iIiIm  i'lni|iier,  iiiIiIm  In  the  t line  ccrnra  due 
In  the  fume  iim  mint  her  <  IiiiimmIiiii  indc|icinlciil  vnrlatile 
In  nddllinii  in  i  he  M|iaee  crrni'M  due  In  |  icei  Ih't  ii  ill  and 
tin'll  gels  the  |  in  il  in  I  ile  ili'iiaily  finietlini  /''(.r, //,.*)  hy 
Integritt  ing  over  the  lime  vuriiihle,  In  this  way  Miitne 
aerniilit  Im  Inkeii  nf  I  lie  elTeel  nf  the  Mjieed  nf  the  air¬ 
craft  mi  die  ills!  ill  hi  t  ion  nf  Iiiii'mIm,  The  niitnerieal 
eidenlalloim  have  mil  lieen  i'(*|i«*i't**d,  mo  the  nmgnl- 
llide  nt  IIiIh  elTert  Im  m||||  unknown. 

I'lmxixim  I'i7,i:m 

The  errni'M  in  the  ,r  mid  //  direct Iiiiim  are  attain  iim- 
Miiined  In  he  hii|f|iciii|c|it. 

\  jii'iixlinliy  fin* . .  h  iniiilal lire  radio 

li'iniMiiiiller  and  receiver,  The  fiuie,  iim  Ii  trnvelM 
through  air,  mcihIm  mil  radio  wiivi'm  iiikI  reeelvi'M  fe¬ 
lloe  led  wnvi'M  from  iiliMlneli'M  hi  the  | in t It  nf  the  null- 
iilloii,  When  Ihe  retleeied  wiivcm  satisfy  eertulii  enn- 
diliniiM,  the  I'll Kr  o|iniile-  In  lire  a  deteinitnr,  The 
I  mini  nf  Miieli  i  if  o'l'ti  1 1*  it  i  de|iemlM,  for  a  given  cinnlil* 
lintlnii  nf  fniie  and  projectile,  lint  only  nil  the  elite 
and  retleet  Inu  tii'n|ierlleM  nf  llm  target  lint  iiImii  iiii  (lie 
relnlhe  nrleiitntiuiiM  ami  mi  the  relative  imitlnn, 
Including  rate  of  ehiMiire,  nf  |irnjeellle  and  target, 

In  (lie  iiiiiiI.vmIm  which  fnllnWM,  (lie  target  Ih  (liken 
to  he  M|ieellled,  mid  IIm  |iiiMlt|nii  l«  regarded  iim  lived 
in  (lie  (,r,//,f)  ennrdlmde  system,  'I’he  |irnjecl|le  Ii* 
a— limed  tn  travel  along  it  of niiuht  triijeehay  put'll  11**1 
to  the  t  hxIm  mid  Im  assumed  tn  have  a  fixed  velocity. 
TIicmc  emiditlniiM  are  M|)|ii'nxlinulely  fidlllled,  fur  it 
given  liu'tlml  mI t iiii t hoi ,  In  a  miiiuII  tielglihnrhnnd  nf 
die  Intemleil  (uitiit  mid  time  nf  Inii'Mi,  Along  cat'll 
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trajiwtory  there  In  iimniiiiknJ  to  Im  n.  theorctleid  pnlul 
of  ItoM,  mid  tlic  in  tidily  of  mmii  paliitH  lx  taken  to 
Iw  a  Hnmol.li  Niirfimo,  cal  led  tlm  burnt  Httrftivr,  dellned 
Ii.v  mi  iH|uutlnn  of  llm  form  *  <*  /(,r,y). 


For  different  I y|H'H  of  fium  m ml  projectile,  the 
goneriil  form  of  the  loirxl  NUi'fiico  will  vary.  How¬ 
ever,  ll  n  III  lie  ofiNimo'il  fur  tlu<  mi ko  of  mnlhctiinllcnl 
Mimlyiln  Him  (IiIn  geimnil  forin  In  ll  mo  I,  1ml  dial  ||n 
1 1< in|| tun  mill  nI»i«,  ri'liilivi'  In  llm  target,  i|i<|ii<iii|  on  ii 
parameter  .S'  which  10111  rniivciiicndy  lii>  limnghi  of 
11  n  llm  "wiixlllvlty  of  tlio  Iiihi’, "  Ii  In  |iii|iiiiiiint  to 
Hull',  however,  Hint  t h in  t I'lllil  1  |I ill IU.\  In  ii  mere  con¬ 
venience,  ll  1  Ini  in  nut  Imply  liny  (nirl  ii'iilnr  priti- 
i'l|ili<  nf  fimi't liming.  It  merely  |imi|iN  1 1  <ui’l lii'i' I'l'i'tnin 
miii'ii  or  Ii'nn  iiiipri'illi'tnlili'  Niiiii'i'i'N  of  vnrlndnii  In  llm 
|ion|i|iih  of  llm  Iiiii'nI  niii'I' iii'ii  lit,  w  In  ini*  I'lpinf  ion, 
fur  nii.v  |nii'l  li'iiliti*  vulim  of  .S',  m|||  Im  u  i'll  It'll  In  llm 
fn  rm ; 

*-/n  <>,//).  (it) 

Vnrldim  iiNNiiin|it|oiiN  will  lie  iiiiiiIc  iih  In  tlm  de- 
|mmlmii‘i>  of  fxU,u)  011  llm  pimmmti’r  S,  TIicno  urn 
merely  uiii'kltiK  liyjint  Iii’moh  to  mnki>  11  Hull  it lii<« 

1 1  m  1 1  m  oil  ill  ten  I  iiiinlyxiM  poHNlldc,  I'i  ii  tlm  Niiko  of 
Npi'i'ltillimil  prnr  licit  I  npplli'iidniiH,  uiitilllii'it  <  imiH 
might  Im  rcift  tired  In  dm  hypolhcNCN  mill  tlm  intnlyxlN 
1 111  him  I  mi  them  Tlm  |ii'iiii'l|uil  iiHHinnptloiiH  nml  laiHic 
( ll'fllllt  lllllM  flllloW. 

I.  < 'orroHfiomlliiH  to  ton'll  vulim  of  .S,  dmi'o  |*  11 
region  I'm  In  tlm  (.r,// 1  plium,  w lilidi  In  tlm  ilomiiln  of 
(Icllnldmi  of  If  it  trajectory  phnncm  through 

f/*i  It  uieelN  tlm  i'orroN|inndliig  Iiiii'nI.  Kiirfimn  Hn  mill 
tlm  finm  will  function.  If  11  Imjoctnry  iuInncn  I'h  (mol 


hc'tmo  Hu)  it  fmm  of  Hinmltlvity  H  on  tlmt  trajectory 
will  not  function, 

2,  If  dm  target  In  nt  tlm  point  (rt,6,o),  tlrnn,  for 

cimli  <S,  <  c,  fn  utlmr  tvimlw,  tlm  burnt  siir* 

fncn  In  cIoncc  to  tlm  gun  limn  lx  tlm  target,  along 
imy  trajectory,  Note  tlmt  (IiIn  would  not  hold  fur  11 
N’T  f iiihi  with  11  delay,  Intomlcd  to  mitkn  It  function 
eligibly  uftcr  plowing  Urn  target, 

3.  An  dm  NeiiNltlvIty  ,S  Inei'oRxeN,  the  tlountln  (/,* 
oInii  Inei'i'iiNeN  mill  the  hni'Nl,  Nlirhtee  H *  get*  further 
from  the  target  ulmig  eueh  trajectory,  In  other worilN, 
iiniilytleiilly  Npeitklng:  ll*  .V,  <  ,%  limn  VH,  eontuliiN 
!'*,  nml  ft, Wit/)  <  /»,(/,)/)  wherever  htifh  fmietloiiN 
lire  ili'lineil, 

I.  An  ,S  vnrleN  over  ll  n  entire  mtige,  the  hit  ml, 
Niirfnee  lit  NweepN  on)  it  Nolltl  region  I*  In  Npnee. 

fi.  The  filin'*  Inn  In  in  u  emitlimmiN  purllul 

ilerlvntlve  with  reNpeel  to  ,S, 


1 


To  enmpnte  /''(,r,//,»)  it  will  iiIhii  he  iiounhmh ry  to 
iihh  dm  iIIn!  ill  ml  Inn  of  hciihIHvIIIch,  Hiippow  flint  In 
n  given  tnetleiil  Nltiiiitlon  /(.r,//)  In  dm  prolmhle 
ileimlly  of  nIii<II  tniJeettirli’N,  tlmt  In,  the  probability 
tlmt  llm  nIii'II  will  piiNN  tlirmigh  n  Nimtll  patch  of 
men  f M  minimi  (.?•,//)  In  given  hy  f(jr,u)tlA,  lienee  the 
lii'olmhlllfy  tlmt  llm  Irajoetury  will  lie  In  11  region  A 
of  t  he  ,#•,//  plane  In  given  hy  the  ilmilde  Integml 
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Hlmllurly,  MttppoNo  tlm*  tlmprubnbillty  tlmt  Miom'DmI- 
Mvlly  llns  In  Mm  liiiorvnl  from  S  to  S  +  it, S'  In  ii(S)rlS. 
Then  tlm  prolmblllly  Mint  tin1  Hoimlllvity  Non  Imi- 
twwn  St  iuiiI  S,  In  kIvoii  by 

p(S)ilS. 

Wn  iilmi  HNNiimc  I  bill  fiian  vurlutloiiN  urn  liuln- 
pniulnnt  iif  nlmliin  crrni'H, 

Now  In  compute  F(,r,y,t)  from  UiIn  wo  imnil  fit 
nimipnln  tbo  |ii‘nlmlilllty  iif  it  burnt  In  niiiiio  niiiiiII 
viibnnn  tlV  itbont  Mr,//,*)  If  (.r ,//,*)  In  mil  in  Min 
I'OkIuii  l‘,  llinn  F(.r,i/,i)  '*  ilnllnml  dm  Horn,  If  ( > 
In  in  I',  lin'd  it  I  will  bn  eluiNnu  nii  niiiiiII  iin  tu  III* 
niitimlv  in  I',  uml  will  bn  Inknti  iin  it  blnrk  bniiinlnil 
by  it  |inir  iif  iiiittiOM  j'  *»  nniiNliint,  n  j in ir  of  iiIimion 
)/  **  court  not,  uml  ii  |iiiii'  of  NiirfnnoN  S  •»  noiiMbiiit. 
Hnn  Hmil'n  A.)  Tim  projection  of  MiIn  blirnk  on  Mm 

« 


da 


Foil  ill1  A  ’I'.Vfiii'ill  viililinr  I'liniiriil  U'hM'i'ii  Iimi 
lllll'Nl  ulll'fili'im, 

»',//  pinin'  In  it  rnt'IniiKi"  wllli  oiIkon  i/,r  uml  (///,  Tim 
nni'vnil  fimi'N  of  tlm  block  urn  nut  nfl1  liv  t Iin  NiirfiirnN 
It*  uml  tl*i,<M,  Wn  iiIno  itNNinnn  Mint  tlm  fnun  nounI- 
tivlty  In  itulnpnmlnnt  of  tlm  lirn  rmilml  nrroiN,  Tlmn 
tlm  probnblilty  Mint  Mm  Iriijortory  piinnon  tlimiiRli 
Mm  I'nutHtitfin  In  f(j>‘,n)tlftltl\  tlm  probability  tlmt  tlm 


*mit«iMvlty  I  Ion  between  S  uml  S  -f-  tlS  In  p(S)tlS,  By 
tlm  itNNumptinn  of  liiMopniulcnco  of  fine  mu!  tilmlttK 
error*,  tlm  probability  Mutt  both  tlmwi  onntir  In  ju*t 
tlm  proiltml 

(7) 

Now  tlm  volnnm  of  tlm  block,  Ninon  It m  two  nitrvmi 
fimi'N  urn  nearly  pnmllnl,  In  approximately  it.nl  pit t. 

Hilton  *  «*  . . tu  itoiii  ,r  null  //  fixed  tinti 

tlml  Mint 

•it  -  Hsf*(*,u)<is. 

Ilnimu  tlm  volnnm  of  tlm  hionk  In 


uml  tlm  probable  ilciiNlty  of  Iiiii'nIn  inoiniil  (/,//,*), 
wlmn  :  <**  f*lr,p)  In  niton  in  tni'itiN  of  x,n,  n  in  I  ,S*  by 


F{x,u,t) 


litSulS/f  ,r,//)d,ed// 
il.nti/itz 


l>(S)f(,r,y) 
D  ,  , 

US 


(H) 


wlmn  :  *»  f*Li\u),  Hiiicn  c  •»/*(/,//)  wn  con  ilollno 
F,(.r,i/,S)  to  bn  l,'[x,i/,f*(.r,i/) }  uml  rewrite  tlm 
nijiuitioo  IIN 


Kit,  r,//,S)  — 

ft 


If  Mr,// )  In  ill  /’*; 


,/*<■»  ’.//) 


/•'i, (.!',//, .S' )  *•  I) 


IiinIiIc  I'  hi*  mu  col vo  nipiutlon  dll  for  S  In  InriiiN 
of  .!•,//,  uml  t.  Tlm  niiIi 1 1  ion  In  unli|im  un  ii  omiNoi|iioimn 
of  bypotbi'Ni'N  Mil  uml  ( II,  uml  wn  write 

S  -  f/Mr,//,xl 
If  (,r ,//,*)  In  In  1  ,  Tlmn 

A 

'IS  -  | /Mr, //,*)»/* 


I1(S)  -  /i[f/Mr, //,*)]. 


HiiliNllintltiK  in  m |im t i* in  (7)  uml  Mb  IMImt  tlirniinli  by 
<t,nt nitz  itlvi'N 

Fir, li, *)  -  /(.r,//)//l  f/(.r,//,,f)]^f/(,r,//,r) 

If  Mr ,//,*)  lu  In  I  ; 

Fir, H, t)  -  It  (Mt) 

If  Mr,//,*}  In  not  In  I*. 

If  wn  itNMiinm  (iin  In  iimml  In  fit  an  cnlcuInMoti*)  tlmt 
tlm  nrt'oi'N  in  tlm  x  mul  //  illrnctlon  Intvn  liidependent. 
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UiiiinnIuii  ilifttrlluitioiip  will)  mritiii  *nru,  we  get 
xppchdi*ed  form*  of  o<|imHnnx  (0)  mid  (10), 

K(s,i/,S)  -  pl™ 

If  (/,)/)  In  III  l'M  1 

AV.I'./Z.N)  «  l)  (II) 

If  (/,//)  In  lint  III  f Mild 

^.IM)  -  f 
If  (.«•,«/,*)  In  III  I’; 


F(jr,l/.t)  -  0  (12) 

If  U  uni  In  | 

Mon!  report  h  llmt  have  dealt  with  dminige  eiileiihi* 
1  it *»ir,  fin*  proximity  Iiikpn  Iiiivp  mmlr  \  i nl < n i h  nppruxl* 


tlial  (lie  hurst  NiirfiM'o  In  h  hemisphere  centered  it!  Hip 
Oti'gi'l  will)  iix!h  of  symmetry  along  Hip  tmjmtoiy,  or 
Ihitl  Hm  burst  surface  In  it  disk  centered  on  Hi* 
trajectory  mid  lying  In  u  plmin  nt  right  angles  tn  Hip 
trajectory, 

1  Iip  iii'timl  nIih|)p  of  Hip  InirNt,  surface  for  a  given 
sensitivity  S  will  ijpppiid  greatly  on  HiphIihi  it  mi  slmpc 
of  Hip  target,  If  it.  In  iiNHinnpil  lint!  Hip  iiiilctnm  of  tlifl 
film-  iipIn  ilk><  it  mi  Uni  Inn  dipole,  Hip  bumf,  Niirfsees 
for  it  point,  target  nIioiiIiI  lie  symmetric  about  Hip 
Irnjpptory  through  Hie  target  nod  Nlinnld  have  pi'onn 
nppIIoiin  resembling  Hip  ImlMrelps  In  Figure  HA,  If 
Hip  linnet  In  k! ill  fairly  niiiiiII  and  reitNi nullify  smooth, 
Hip  InirNt  NiirfnecN  will  be  partly  Mytunuu.  nil  with 
ci'onn  NPetioiiN  more  like  Hump  of  Figure  UH;  If  the 
ti"'K"i  relied n  will)  mi  1 1  rely  different.  In  Ip  mil  Hen 
Irnni  dilTei'Plit  direetloiiN,  the  InirNt  Niirfnei’N  will  lie 
mneli  mure  Io|inIiIpi|  dm  In  Figure  HO,  If  Hip  target  In  a 
lar«p  plane  Nurture,  Niieii  iin  ii  Hike  or  oeenn  (targets 
commonly  used  In  testing  sensitivity),  Mm  burnt 
NiirliteeN  for  a  given  iiukIp  between  I  lie  trajeetory  mid 
I'l'""’  Piirl'iieP  will  be  plimcN  pnritllel  to  the  given 
plmip  Niirfitee.  (Hee  Figure  til),) 

I  lie  bulk  nl  the  eniiipiitntloiiN  (lint,  have  been  dune 
"  I'l*  proximity  fuses  wiin  euiTled  tbroogii  lipfnre  any 
proximity  I  ii  kpn  bad  Iippo  prod  need,  no  most  eiimpu* 
tiitloiiN  enrrlpfl  out  by  Hip  AMP  me  enriled  out  for  it 
nI nglp  hurst  Niirfnee  of  nIiii|iIp  type,  The  report n  ills- 
eiiNNi'd  In  Meet  Inn  1 1  I, A  lire  nil  exception  In  HiIhj 
(onIn  wltb  proximity  Iiikpn  In  alrbornp  rockets  were 
I'Vfillnlilr  to  the  men  working  on  Hint  prnjeet  (AMP 
Hlinly  21), 


D 

7777777777717777 

71.AT  TAAQCT 

Fioi'toi  ft,  t  Vi  inn  m'I'IImim  llinniKli  ImiihI  Kuifnn-. 

nmtloiiN  liiNtend  of  nl  tempt  lug  to  enrry  out  (lib 
Involved  eoiiipiitiitioii.  Tlie  tiixt  npproxliimtlon 
iinnimupn  Hint  nil  fioes  Imve  exitelly  Hie  niiiiip  sciisI- 
tlvlty  A  no  1 1  in  I  nil  nIip||n  bm'Nt  on  n  wlngle  Niirfiiee  Hu. 
An  wp  nIiiiII  nIiow  In  Heetbni  1 1, !),;),  till*  itNNimtplInn 
rednees  the  tliinl  eompiititllnii  of  rink  from  evnlu- 
idlnn  of  n  triple  lutegrid  to  evaluation  of  a  double 
Integral, 

Furl  her  approxliimtloiiN  are  initde  by  itNNtiinlng 
Mpei'lid  Nlmple  NliapPN  for  Hie  InirNt  Niirfnee,  Two  such 
HKWiuiptloiiN  iinpiI  In  two  refereiipp  reporlN  '»  '«  are 


t  l  IN  T  A  IT  Fl  Kl  N  A  Nil  Hill, III  Pill  1,1 1«  Til, IIN 

Tlie  pi'iibleni  nl'  eoui|intlng  rink  from  Niiild  prn- 
J  eel  Him,  hiicIi  on  iiiiipIiIiip  gnu  build  n,  nnd  fix  mi  ex- 
pliMlte  projeelllPN  with  pimtnet  fnnes  In  n  slmplltlca- 
Hoii  ol  the  problem  fur  proximity  fiiHiM.  In  HiIn  piinp 
Hip  prujpptlle  iiiiinI  |iiinn  Hiruiiglt  niiiiip  part,  of  the 
target  to  be  etTeetlve,  The  liiirst  Niirfnee  In  then  the 
Niirfnee  of  the  target  turned  toward  the  gnu,  and  the 
dlNtrlbiitinn  of  lilt h  In  delernihied  by  the  prnbable 
deiMlIy  fiiiietlon  JU\y)  giving  the  dlNtrilnithm  of 
Irajeetorh'N  eiittiug  Hie  (/,/,)  plane, 

if. t. a  Tilt*  Conrlltloiutl  iVolmblllly 
of  Httimiffo 

1'lie  next  problem  In  lie  dealt  with  In  that  of  giving 
the  rink  of  damage  from  a  InirNt,  whieh  occurs  at  any 
given  point  la  the  neighborhood  of  the  target  In  the 
l  net  leal  pit  mil  ion  under  dlneuHNhm,  Here  we  do  not 
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citnuiiloi'  turn*  (lit*  ahell  cnmo*  lo  burnt  nt  Mint  point  ; 
Ibo  problem  It*'  given  a  point  of  burnt,  wliut  |*  ex- 
lini'lcd  to  happen  If  tin*  ttholl  ImmtM  there?  All  work 
"  1 1 1 1  Mil*  iU'ttliloio  m»  bn’  Inn  I'otjolivtl  rot lior  ntrimg 
ntwiituptitmt*  ftt  ho  ittmlo  from  n  hiiikII  amount  of 
ospot'liHoiilitl  Informal  Inn, 

Wo  cnn  simplify  mir  fnrimilaH  nllghtly  by  lowiimlng 
tlutf  tin*  turgor  It*  nt.  tint  origin  f),  Lot  or  wo  mu  ounlly 
ticcuiiid  f"r  tlio  trlvlnl  effort  of  moving  tlio  turgol,  to 
mmtlior  point.  Wo  mIiiiII  attempt  to  tlinl  it  fimotlmi 
p(-r,U,i)  to  iloKorlho  tlio  prolaihlllty  Unit  »  kIioII  hiirwt- 
iog  nt  (jt,n,t)  will  iloHlro.v  tlio  lurgot  id  the  origin,  Wo 
nliull  mil  thin  Imiotloii  tlio  rotuiilionnl  iii'nlMihililit  nf 
iluninffr. 

Hi*’  ynlnen  of  />(«,#,«)  ilopoml  nil  inn nv  ohn motor* 
lnl Ii*h  ol  tho  «lio||  mol  inrgcl.  TIiomo  I'uoIoik  uro  1 1 u< 
«i'lglii  mill  Klinpoof  tho  friigiuoiiiK  from  tlio  IiiiikI  lug 
wlioll,  tlio  kpooiIh  mill  illrortluiiK  with  wliloh  ||,oy  uro 
thrown  off  from  tho  burnt,  tlio  nir  iloiiKlty,  the  hI*i\ 
Klmpo,  mnl  nrloiitiitlon  of  tho  lurgot,  tho  tirmngo- 
moiil  In  tho  turgol  ol  viiliionililo  pnrlM  kiioIi  km  pllotK 
Hint  fool  ImikH,  tho  vuhioriibllh  v  of  iIioko  pnrlM  lo 
tnigioonlM  of  tho  kin* I  thrown  off  from  tho  Iiiii'kI,  tho 
Kpooil  of  tho  I  ingot ,  unit  |Ih  illroollon  colulivo  to  tho 
hIioII  Iriijeolory, 

It  Klniiihl  I  m>  notoil  I  ion.  tlinl  mmiy  of  iIioko  fnrioix 
mo  Igimriul  or  KiipproKHoil  In  moHt  oiiloiilotlniiK  of 
rluk,  A  ooiiiiinni  hriniil  iiKMiiinptloii  In  tlinl  tho  turgol 
oiiii  ho  ri‘|in>Motttoil  liy  «  Kphoro  hmiglng  In  Kpuro  nt 
tlio  polm  of  kIid ;  iIiIk  iiKNiimpthm  roiouvox  nil  olToot 
ot  tlio  Kpooil  of  tlio  turgol  on  1  ho  ooiiilltlnmil  prolui- 
hlHl.V  mnl  I'oihiroM  I  ho  offcrlM  of  tho  I'oiiiplox  viiinor* 

nl'IIH.V  olnii'iii'lorlKlIoK  of  tho  lurgot  to  tho  . . if  n 

rlligh*  viirlnhlo,  llio  hIiio  of  tlio  Kphoro, 

Kor  clllior  mi  hlonl  or  mi  notmil  turgol,  tho  tlixt 
Ktop  In  oiimpiitiiig  p(,i ■,//,*)  Ik  to  ili'Morlho  tlio  frog* 
liiontiithiii  put  torn  of  l  ho  kIioH  1 1  ki 'i  I  TIiIm  iloKorlplhm 
Ik  Klmph'Ml  In  tho  Mphorionl  roonliiiiili'  nvhIoiii  r,0,0 
kIiowii  In  Kiguro  a  wlioii'  tho  lino  0  -tut"  polniK 
it  long  the  mIioII  iixIk  towunl  tlio  iiiiko  of  tlio  hIioII,  If 
wo  iiogloot  ynw  of  tho  piujoi'lllo  mnl  iikkiiiiio  Hint  tho 
hIioII  puhitK  tilting  tho  iriijcotory,  (IiIk  mnkoK  tho 
lino  0  •«  (Hi”  pnmllol  to  tho  s  hsIk. 

llooniiKO  of  tho  Kpin  of  tho  kIioH  mnl  Hk  n.xlnl  nym* 
i  ho  try  wo  run  iinkiiiiii'  I  Iiii  I  I  ho  iiitinhor  of  liiignioiilK 
ot  ii  given  initHM  mnl  Kpooil  thrown  nut  by  tlio  huml 
will  ho  linlopi'iiilont  nf  tho  loiiglt nilo  miglo  0  It  |m 
getiernJIy  iikkiiiiioiI  Mint  tlio  effort  I  voiiokn  of  h  (lying 
Irngrnont  iiiiikI  ilopoml  on  IIh  Klmpo  mnl  iiiukk,  mnl  iiii 
tho  rohillvo  Kpooil  nf  fragment  mnl  turgol  id  the 
liiKtunt  tlio  fragment  HlrlkoK, 


If  tlio  (argot  upood  Ik  umiill  oimugh,  It  makes  no 
groat  illfforonoi*  fu  tlio  offer  II  venom*  of  a  fmgmont  If 
tlio  turgol  Kpooil  Ik  noglootoil  on tl roly  mnl  It  Ih  iw- 
Hitmoil  tlmt  tlio  t, ingot  Ik  Mtiitlomiry  In  Mpnou  nt,  tho 
Inulmil.  tho  huiHlw,  Kor  high  Kpooil  largo  Ik  tho 
effort | votioNK  of  h  fnigumiit,  piti'tloitlmiy  of  u  heavy 
frnginorit  that  oiiii  ilti  ilamngo  at  Npcniln  of  a  fow 
humlroil  feet  (jor  koooiiiI,  Ik  largoly  ilopomlont,  on 
whether  It  iu  going  In  tlio  kihik*  or  tho  oppiwlte 
tliroolloii  iik  tho  target, 

Neglecting  tho  I  ingot  Kpooil  greatly  KlmpllfloK  tlio 
oiilimlutlouK  of  tho  ooiolltloiinl  proluililllty  Iiooiiiiho 
it  Hlmpllth'M  tlio  prohlom  iil'ileohllng  wliloh  friigmoiitN 
to  ooiiiit ,  Wlioii  I  ingot  MpoiM  I  in  aorn,  tlio  relative 
Kpoi'il  of  a  fmgmont  roiluoi'n  lo  It m  Kpooil  through  tho 
"Ir;  a k  with  nniKK  mnl  Khapo,  lliorc  Ik  no  muMoii  to 
liollovo  l hat  (IiIk  Kpooil  vii Hon  with  tho  longltmlo, 
Ih'iiro  hi  oiiko  turgol  Kpooil  Ik  gem,  wo  oiiii  oIiiioko 
fiiigtni'ii t h  for  I'oiiKliloratlim  hy  oi'ltorln  liivoh’liig 
weight  mol  Kpooil  mol  ml  ill  ki.|.  (hat.  the  cxpceloil  i||k 
li'lhiilioii  of  IIioko  moIooIoiI  I'ragnioiilH  Ik  holopoiriout 
of  tho  tiiiiglluilo  miglo  0. 

Ill  IiiiikI  ol  the  work  iloMo  liorotiilnro,  the  IriigmoiilH 
to  lie I'omitoil  Iiiivo  hooii  Hi'loeted  on  one  of  two  Iimkok, 
!lr, it,  by  pidliog  up  Koroi'iiK  nt  nirloiiKillMlniiooM  from 
ii  Imi'KiIng  kIioH  mot  oouiitlng  the  mniihor  of  fmg- 
iooiiIk  tlinl  pone! rule  tho  hocooiik,  hik|  noi'oiiiI,  hy 
iiKKiiuihig  that  a  fragment  imiKt  Iiiivo  a  oortiiln 
hi  In  I  mi  iiii  kliioflo  onorgy  to  ilu  iliimugo  mol  oouiitlng 
"Illy  lb o*o  friigmi'iilK  with  id  Ioiiki  Hull  iimoh  oumgy, 

(So  Iiiivo  m  olmloo  of  noveml  mIiii Ilu r  iucIIioiIm  of 
ili'Korlhiiig  i ho  pidlorn  of  friiginoidH  from  o  hIioII 
burnt  providing  only  that  ll  Ik  hnlcpoiii lout  of  lough 
linlo, 

I  Tim  iiiigiilar  ib'iinity  a(r,0)  of  I'ragiuoidM  id  miy 
point  with  roordlindOK  (r,0,0)  Ik  the  miillhcr  of 
fiagiiioidK  per  koIIiI  null  miglo "  pinning  tliningh  I  ho 
Kphoro  of  railhiM  r  about  tlio  Iiiii’m!  in  a  niiuill  roglon 
about  l ho  illroollon  iloimtoil  hy  (0,0), 

I’IiIk  angular  iloiiKlty  u(r,0)  Ik  w  rit  Ion  without  0  In 
"bow  It h  ilopomloiii'o  on  r  mill  0  alouo,  To  CKlhaido  It 
for  n  given  pokMIoii  (r,0,0),  ooiiiit  tlio  fragmoidK 
going  through  ii  given  kiiiuII  men  A  on  the  Kphoro  of 
r,  nlmiit  miy  point  nt  latltmlo  0  mnl  illvhlo 
Mill*  mimlior  of  frngnioiilK  hy  tho  milhl  angle  A/r* 
kiiIiIoimIoiI  hy  tlio  aioa  ,1 , 

’J,  Tlio  aroa  iloiiKlty  of  fragment*  Ik  the  mimlior  of 
•lonilly  fmgmont k  per  mpimo  fool  of  Mirfaeo  id  iIIk. 

"A  unit  Miilltl  iingli.  I*  a  riino  ii'ioililiig  mil  from  Mm  m'lglii 
ivloi'li  *od *  off  nn  iii’i'ii  of  I  mtuni'i'  milt  iiii  ii  npheni  nf  nnilioi 
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T,,,B  Nm  T0  MHVHAPT  f-HOM  HHiH.KXI'IOMIVK! 


D 


I'lot'MW  7,\,  Tv ri'Kloii  fur  <*N| (immMiik  Iiiittuiir 
IIII  Mil  711.  typl'-fll  HMiif  for  tiiluiliililiK  »hih-  rnoiil 


r  mill  lnt Itmli'  i,  It  I*  IiiiiiiiI  from  Mm  forifiiilu 

H.  Tim  hmiik  iMiuut  »(■■,*)  In  nlihilimii  |,v  ,||vl,||„K 
I  in'  npimre  of  rtitlliiH  i-  itmittiil  tin- 1 iiii'mi  inti,  „  ioniil>er 
of  Kiiiion,  mii,v  nl’  u  liltli  3, ft",  mill  I'oimt luw  tire  niitiiiii<i- 
of  fniKini'iilH  iiiinnIuk  llinuiKli  eimli  xoiii),  Tim  ti>nn 


rV’-f*  ,M  t‘l"  »i»iil"‘f  i if  fi'HKinrnlN  |n  Mm  none  eon* 
tiilnliiK  t  nil  Mm  Npliere  of  mdlun 

Mm  I’mKHmritN  fly  fiti'llmi*  from  Mm  burnt  they 
imi'  Mlmvoil  liy  iiir  roNlHliumo  «n  Him  fcnvr-r  of  thorn  nro 
cmoellvn;  Imime  p(r$)  njul  n(r^)  <lorri-mm  wIMi  in- 
wimliiK  If  Mm  weight,  4  xml,  mt.l  ImlllnMa  Hlmpn 
jlini rilnii ion  of  fniKiimnf,«  In  Ireli-penileoi  of  *  wo  mn 
liifiik  p(r,4>)  Info  n  pmdimt  or  t%vn  fmitoi* 

pO'i^)  *  fity)ff(r)  (13) 

wlmn- ,,(+)  ili'liiii'N  Mm  iiiiKiiliir  tloimll.y  of  fmgnmntN 
wlili'li  line  energy  1-iioiikI,  to  <lo  thuniiKe  very  i-Ioni- 
l"  Mu-  Ihii'mI,  mill  ( /(>•)  iIkni-MIh-n  llm  i|errei»He  In  tlm 
iiintiixu  III'  iloii. II, v  fniKiimnlH  Willi  iIInIiiiii-i-  r  from  Mm 
I  in  mt ,  Hliollnrly  mi-  i-onlil  write 

"M'.tb  -  H(t)f)(r)  (ID 

"lilt  niif, )  Mm  iiiiiolmrol'fi-HitiimiitN  In  Mm  xoimiiliout 
f  " HI*  I'lmi’Ky  i-iioiikIi  to  do  diuimgo  very  m-or  Mm 
iiiinI,  iiml  f/fr)  tin-  mii ini*  I'liiictlnii  on  in  ei|iinlloii  (|!f), 

I  In'  li'iiii  f/(r)  In  i-iilli'il  Mm  folhojl'  /me  for  effertive- 
iii-nm  ot  Iiiikiiii'IiIn, 

\"'I""H  I"'"  "f  I'xiii-rlin.'iilN  Imvi-  Imen  performeil 

,""1  "l,N  ""Killin'  iViiKnn-n  In  Mini  |i„il,-m  m  get 
i'nI  In  in  ti-H  for  Mm  fnll-olT  Inn 

t.  Win ii let i  ni'ici-iin  roll'd  olT  In  ni|Unrn  feet  urn 
foiti'i'd  III  Oil'll  ion  illNlniu'CN  from  Mm  IiiiinMiik  nIh-II 
""'I  ,l"'  """'Imi'  of  friiKiimnlN  peiml luting  mmli 

Nitm.r.-  foot  iiii'it  In  . .  TI.In  kIvi-h  viiIi.i'n  of 

inr' f]  I"1'  lor  Ni-vi-nil  |iiii'Meiiinr  viiIiiom  of  r 

mol  Minn'  vnlin-N  of  However,  tin-  vtiluon  of  * 
ii"iHil"-.i-o"i'i-li'(|  jo  Nome  wn.v  for  tin-  fuel  Mint  Mm 
n  "'ll  In  Hie  t.-Nt  In  nl.  i'i-hI  while  llm  n|,  ell  in  „,IV  fneflci.i 
nII  mi  I  In"  Iiiin  N-iiin-  emiNli lorn  I  ile  iciiiiiIii||,m  velocity 
,',''l'  ll'1"1"  ,l"""  <l"'  IViiKiimiitN  In  Mm  iiiovIiik 

Imi'Nt  |"il tern  forwiirH  of  Hie  Iiiii'nI  xoim  In  whli-li 
Mm,v  iippeiir  In  Mm  Nliille  Iiiii-nI  piilti-riiN 
'l  HIii-IIn  me  ImunI  In  niiIiiI  pitn  mill  In  miiiiiIIiiiu 
l"'i'lilveNj  Hie  li’iiKineiilM  me  nil'leil  out  ,,f  Mm  niiiiiI 
""'I  1'-V  wolKlil  or  l,y  (lie  IlnetieNN  of  M„.  m-reeii 

'  ,  I  Tln-Ne  t onI n  lire  In  ilelerinlim  Mm 

Ml«irllmtlnn  of  welKlitN  of  tin-  I'riiKiimntN  of  tlm  nIh-II 

,""1  «lv"  »"  Itiforiiiiitlon  iiliiml  Mm  niiKiilitr  iWinent 
pul  tern. 

M  Viirlmw  pilot  ouniplile  mill  peiiet  rut  Ion  IohIn 
v" V"  ilevlwil  In  memmro  Mm  Hpceil"  nl  wlileli 

JriiK""'"tM  urn  tlirown  olT  fi'iiin  llm  IiiicnMiik  mIii-II, 

I  Ihw  "re  iiNtmlly  Ntutle  M-nIn  mill  give  vhIiimm  In  Mm 


|  .  a  . .  »"t"  eioiiir  <11(11  (Ml  III  I1RI  ||,  Il'nifl  I  lot 

ImiibI,  fmmix'iitN  „ my  niih  |,„  |„.„„kiiin  n,mrl,  Om-  mmr.-  . 
iH.-nt  MlniWN  no  di-t-r.-Mw-  in  n(r,^)  dm  r  wriil.  from  <p|  pi  ml  p, 
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imlmlilmrhnnd  iif  2,500  fpN  for  tlm  Iniilid  fragment 
vetoed, v, 

I.  Firing  iigidrtMl  netiml  idrernff  mi  Mio  gmiiiiil 
imili'i'  roiidltlotiH  where  Min  liH'iit Ion  of  Min  liiirnl  mu 
lie  determined  Thin  in*)|iH  In  determine  lint  ii'litMiin 
I  m  tween  HiiKtiliti'  ili'iwHy  id'  fragments  ami  Mm  eon- 
iliMniml  pi’iitmlillily  of  diinmge  in  idremft, 

In  torntH  ill'  Mm  angular  fragment  pattern  It  In  rmt 
1 1 1 filet! 1 1  lit  I'HlInmti'  Mii>  i'X|H'i'li<i|  umnlii'i'  nf  lilt h  uii 
mi  idremft  from  itM  nIm'  iiihI  ili«ln!ii'i'  finin  Mm  lini'Nt, 
However,  Mil'  idremft  In  h  <*« unpli’x  target  and  fmg- 
n it'll t  IiIIn  nil  iiiiHn  id' ll  ini'  only  n  iniimr  iiiiIniiiii'i', 
nut  I'ni  nil, v  1 1 1 )  1 1 1 1  m  1 1 1  u  ’I'n  |  ii  i  hh  t  it  tin  tln<  I’nmini'tit 
dciiNlty  iiU',^i  tn  Mu'  iniiiilii’i'  of  l\itn  mi  ii  turret  |iri»- 
Hunting  Mn>  iii'i'ii  ,1  tmvinil  tin1  lini'Nt  nt  iIInIiiiii'i'  r 
hwh.v,  we  iii'i'ii  only  limit i|il,v  llm  lingular  frogmen) 
ilciiNlty  >  liy  tin'  hi  dli  I  iin^ic  .1  V*,  hi  i  i  it  i'ni  It  %i  I  h.v 
Mu'  target  If  tvi>  in*i»  iiiti'ri'Hl ill  In  llm  expected  iiiiin- 
Imi'  of  Int*  dim  In  S I ii>  I'rugliieiilN,  we  i  nn  me 

Mm  Minim  fiiriniiln  provided  we  iino  for  d  mil  llm 
iietinil  iiren  ini'Ni'iited  I iy  llie  target,  wlngM,  lull  Hin- 
I'liei'N,  mid  nil,  Imt  i inly  Mini  area  viiliminlili'  tn  Mm 
frnuiimniH  helng  iini'iI  in  llm  enio|iiiliiMniiN,  TIiIn 
i’i nn*(*| it  nf  llm  I'ubii'mhh'  mrii  nf  Mm  target  In,  nf 
I'lini'Ne,  ii  Met  Ion  lint  mi  extremely  iihi'I'iiI  nne  In 
making  <*i mipn I n I Ihiih  nf  llm  I'niidilinind  prohnhllltv 
nf  t In i in i (e< '•  KnMiiiiiIi'n  uf  vidimridili'  men  me  iiniiiiIIv 
ill'l'lved  ill  li>  eiimpnrlltg  expeilnmntN  nf  I  lie  typi'N  ( 1 1 
mid  ( I )  Jiihi  referred  In, 

Data  of  Mm  four  I y |ii*h <  t)  In  (  Oinive  lieen  enlleeled 
I  iy  n  uiiiiilier  nf  iii'kiiiiImiiMiiiin.  \  eniiNlderidile  liiniy  nf 
dnl n  nn  fragmentation  i*liniiirti*rlHl |«*h  nf  I'  M,  Army 
|irnjeel lii'N  In  enlleeled  III  n  ni'Mi'n  nf  TPIIM  IIi’|iiiiIn  ' 
A  i*i»pi  irl  nf  See  I  fun  T  nf  DMIII)  IT  ennlidliN  I  lie  iiiiinI 
exIinilNllve  mI  inly  e\tnnl  nf  i*i  mi  III  Ii  inn  I  |  ir<  <1  in  I  >il  1 1> 
ii  lid  villlierillile  men  derived  liy  lent  llrllig  nmnlliMt 
lilrernfl  nn  Mm  ground  The  Ih'llUli  lime  iiInii  nnide 
n  nillidier  nf  nIiiiIIi'N  nf  frittf  Itien  t  n  I  ii  ill  elnirnetei  InMi'm 
nf  lh  >lr  mvn  nIii'IIm, 

Dime  Mm  villlierillile  iiren  ,1  In  found,  the  experted 
iniinlier  nf  dninauhig  IiIIn  nn  the  linnet  nl  In 

given  1  iv  Mm  fnrniidii 


m(i'itf') 


•  I  /d  im/') 


The  uexl  problem  l«  In  |iiinn  from  Mm  expected 
irtinil ier  of  damaging  IiIIn  nn  llie  target  In  1  lie  prniin> 
lilllfy  nf  damage  In  Mm  target,  TIiIm  dependa  uii  Imw 
iieurly  the  net  mil  Heatlerlng  nf  fmgnmntH  I'ruiii  u 


■  Ti'i'lniti'id  MIvInIiiii,  Hiilllullim  Heel Iimi,  Otline  of  llm  C'titef 
of  Onlmnii'n, 


whittle  Inti'Nt  I'onfiit'iinM  tn  the  expected  pattern  for 
nIicI'h  of  It n  type,  It  In  generally  uNHimmil  Mud  thin 
HCidletiug  nf  fragmenta  fed  Iowa  Mm  wwml!ed  MoIhnoii 
law  (wlileli  luiH  heen  nliNimved  In  iitlmr  problem*  nf 
mndnnt  wnMerlujt).  TIiIn  law  ImplleN  Mmf  if  k  In  ii 
whole  ninnfier  anil  m  In  Mm  expected  nutnlier  of  hit* 
nn  ii  given  tnrget,  then  the  prohulilllty  of  getting 
i.rnvlli/  k  III  In  In 


TIiiiI  In,  the  pro! nihility  nf  M,  I,  2, 15,  *  *  *  ,  lilta  In 
i/de  »wV  w 

21  ’  ;ti  '  ' 

lienee  the  prnhiddlil.V  nl'  getting  uf  tnixl  one  hit  In  I 
inliuiN  the  prnhidillily  nf  getting  im  IiIIn,  Mint  In 

//(,/', //,i )  -  I  —  e  m,  ( 15) 

where  in  ~  u/tr, 4>)  Mini  (i',$,\l0  l«  the  Ineiillon  nf  the 
nrigifi  D  from  the  polul  (,i ',//,*!  ill  whieh  the  Inii'Nt 
oeei/l'H,  Hmoe  experimental  JiinI  Itlenl  loll  of  iIiIn  etpio- 
linn  In  given  in  it  referenee  report,14 

If  we  /ire  inle/eNied  only  In  the  prnhlein  D  of  the 
inf  i  nduct  Inn  nf  thulium  the  rUk  In  ii  Hlnmle  idremft 
ut  Die  puiiil  nf  idin,  Mmn  /i(.r,//,j)  and  l'’(,i\y,s)  enu 
lie  enmlilimd  In  olitidu  tlm  prohilhilily  uf  damage, 
I'u  moI ve  prnhlein  Imwever,  we  iiiiinI  have  t.lie 
**«  an  lit  |i  miii  I  pint  m  hi  lily  that  a  almll  hiiraMug  id 
(,r ,//,*)  will  dcNtrnv  n  turret  at  Nunm  point  (u,h,r). 
TIiIn  new  prnhahility  In  eindly  euinputed  from  wlint 
hi*  know  already ,  fur  moving  I  m  it  Ii  IiiiinI  and  target 
liy  tlm  veetur  (  u,  h,  1 1  we  Nee  that  llie  rUk  in  a 
tnrmel  at  (u,f»,r)  from  a  nIm'II  Iiiii'nI  nt  (,r,//,r)  In  pre* 
elNidy  the  Mak  In  n  inrmet  at  (11,0,0)  from  a  nlmll 
Iiiii'nI  nl  (,r  it,!/  h,t  e),  find  In,  llm  rink  ia 
eijiud  in  /»(.«*  n,i i  h,t  el. 

It  In  In  he  remem  I  ten'll  Mini  In  pimMum  From  mite- 
Imr  uf  IiIIn  In  inunlmr  of  effeetive  III  I  h,  we  luelMy 
iiMMiimed  that  the  vidnerntile  area  d  did  mil  de¬ 
pend  mi  ft.  Mail  hwhnh'N  the  iiNNiinipllnii  that  the 
apeed  nf  the  target  and  tlm  iiNpeel  frnin  wlileli  It  In 
viewed  have  on  etTeet  nn  the  eondllhilild  prolinhlllly, 
Nn  en refill  ntudy  nf  lidn  Iiiin  ever  lieen  eunipleled. 
I'm'  eoinpnlaMuniil  dltlieiiltleN  would  lie  eunHldi'i’alili', 
The  elTeel  of  Inrmet  Npeed  Iiiin  heeii  eoUHldercd,1*  lad 
uiinierleid  reNidlN  have  never  heeii  pnhllMhed, 

1 1 Di.it  Th«'  I’rnliiihlllly  of  llnmugc* 
to  »  Singh'  Vlrernfl 

Dime  llie  prnliidile  di'tinlly  of  lilil'MtN  and  the  eon* 
illtioiial  proliidilllty  nl'  daniamc  are  mlvnn,  the  nideii- 
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In  tit'll  of  tint  rink  from  mm  shut  nf  u  Minnie  nircnift  In 
it  «l vim  tmdletd  Mittialiun  can  he  eulciihiUxI  hy  nionriH 
of  n  triple  integral,  I -el.  I‘(u,b,r)  Im  the  probability  of 
damage  tit  II  target  at  («,M  from  one  nliot  flrtnl  at  O 
In  the  given  furl  lent  nit  tint  Ion.  To  wet,  up  Ilia  t  riple 
Integral  for  l*(ntb,c),  eut  (lie  npitre  nnumil  O  into 
nintill  hrlekn  liy  pliini'M  pnmllel  to  the  coordinate 
plnitfw,  mill  roiiMlder  nny  miii'Ii  hrlek  with  center  nt  u 
pi'ii't  nml  odgi'H  of  length  t/.r,  ri//,  mid  tit, 

Tli«*n,  from  the  dcllnltlou  of  proloddi1  deiiMity  of 
Imi'Kln,  the  probability  tlmt  the  Mheli  will  I  inert  In 


X 


t|,|'ll  tOI  M,  Vtiitlllie  rtfllli'lil  ilj-ilf/ill 


tl'lr  region  |m  /•'U,n,tUhtli/ih,  If  (lie  mIii'II  l.ilVMtM 
there,  tii<<  prolmldllly  tlmt  |i  will  ilniitn xt<  the 
liii'Kot  itt  in, It, v)  |m  /»(,r  —  n,i/  —  h,(  -  ,i),  | fence  the 
probability  tlmt  the  Mliell  will  IiiiimI  in  fid*  Htiinli 
ri'Kloil  mill  t  In  inline  the  Puget  nt  («,/», c)  ir  the 
firoilliet 

/»(.r  —  (I,//  -  h,t  —  i')l<'(x,ii,i)(l,i'(ln<ls, 

Humming  0|i  over  till  miii'Ii  mtiiiii  revtlmiH,  we  wee  tlmt 
the  rink  1*011  he  given  liy  (lie  triple  hiti'Kriil 

ltiu,l>,t  )  “  fjf  /i(.r  —  1 1,//  —  h,g  —  r)/<'(> ,\i,s)tlxtl/irit, 

(HD 


In  e«ne  the  target  aircraft  is  nt  the  point  0,  we 
hnvufi  ■»  h  «  e  »  Onnd  the  rink  for  midi  mi  nlreruftln 


It  Ih  thin  hud  formula  whloh  lion  heen  iimoiI  hy  mtwt 
wrltei'H  trying  to  nolve  problem  (D)  for  time  funen; 
the  fnrmitln  for  l\n,b,r,)  1m  needed  In  Helving  problem 
(A)  him  I  therefore  Iiiim  npplleniloiut  to  prolilemM  (B) 
nnd  (('),  (Home  iIImi'iimmIoii  of  IIiIh  Im  eon  t  allied  In 
Meet  Inn  1 1  A) 

I'or  proximity  fnnoM  nnd  n  Minnie  turret  nt  the 
origin,  the  Integral  Iiiim  iimiihIIv  been  repliteed  hy  u 
nlmpler  double  Integral  hy  innkluK  the  uMMiimptinn 
Hint  all  fimi'M  Imve  the  Millin'  Hemilllvlty,  Hint  Im,  Hint 
all  the  mIii'IIh  burnt  on  n  Minnie  wurfnee  In  front  nf  the 
target.  'I'lint  Miirfuee  Iiiim  iiii  e<|iiHtlnii  of  the  form 
*  ***  /(r,//),  Winning  Independent  (!uiimmIiui  error*  In 
x  nnd  i/  diii'idloiiH,  the  prnhuliliity  Hint  Hie  ahcll  will 
Piimm  Ihinugli  a  Miimll  rectangle  of  mIiIi'm  tlx  mill  i/// 
nlioiil  (x,//)  Im  i 

'Jwoiti, 

If  the  Mheli  |m  on  the  trnjeetory  tliimigh  (/,//),  then 
either  It  Im  loo  fur  nwuy  from  the  turgid  to  burnt  nt 
nil  or  ll  Im  In  the  region  /  ’  where  fix,//)  Im  deliueil  nml 
the  Mliell  Iiiii’mIm  lit  [.r,//,/{,r, //)*];  lienee  the  pi'nliidillily 
tlmt  »  Mheli  on  the  trnjeetory  through  (.r,//)  will 
dmnngi'  the  turgid  nt  <)  Im  /i|>, //,/</, //)]  if  (,r,//)  Im  tn 
I  ,  nml  Im  Hero  If  not,  lienee  the  rink  frinii  t rnjeet i ii'len 
panning  througli  Hie  miiiiiII  mdiingh'  Im 

llU-,tlJU-,ti)  >  lu*  1  "‘"(Ixdn 

iiuil  the  lotiil  rink  to  a  target  nt  the  origin  Im  given  liy 

/'(t),t),t))  -  jf/£x,i/,f(x,i/)  },  l I, frit/,  (IH) 

V 

l‘(u,li,r)  could  lie  eoiiipuleil  tiy  n  mIiiiIIiii1  proi'CMM, 

It  Im  worth  while  to  . . Hon  Hint  rlMk  from  moIIiI 

project ilcM  nnd  eoiilnet-fiixed  explimlve  pmjeetlh'M 

. . .  I'n hi i  Ihi'  fornndii  (IH)  provided 

tlmt  proper  liiterpretiitinii  of  the  viiiIiiiim  terniM  |m 
mnde,  I'or  emit  net -fimeil  project  lion  the  nimliigy  Im 
extremely  eiime,  Tlie  liiii'Mt  Miirfuee  for  emit  net -fiined 
projeetili'M  Is  the  Miirfuee  of  the  turgid  turned  (owned 
the  negative  t  iixIm,  The  term  /•[>,//, /(,r,y).l  Im  h 
Imictliiii  i>'ix,i/)  determined  hy  the  rlMk  from  u  Imi'Mt 
ol  the  xlven  nIii'II  nt  Hint  point  on  the  Miirfuee  of  the 
nlreriift;  the  risk  Im  then  given  liy  <*i|imt Ion  (IH), 
w lilt'll  eim  iiImo  lie  rewritten 

/'(tl,H,ltj  - *u’  1  *  '"'Ulxri,/,  (|p) 


I’ONKIDKNTIAI 


HIWTOMCAl,  MtIMMAHY 


tfcl 


If  p'(* iW)  i«  regmileil  na  the  probability  that  a 
given  mil  Id  projectile  entering  the  aircraft  on  tint 
trajectory  determined  by  (/,//)  will  damage  the  air¬ 
craft,  than  tlda  mime  t'limnila  can  be  uaod  far  milld 
projectile*,  Till*  allow*  that  there  la  a  dime  antilogy 


between  Ilia  rlaka  froiii  contact, -taxed  amt  proximity- 
film'll  fil'iiji'i'llli'a;  ilia  dltTcfiiicc  la  lni'K<'ly  n  dltfcr- 
I'lii’i'  nf  ai'iila,  Tlia  I'lHiliii'ti* fit ih*i I  abi'll  amy  lie  effee- 
1 1  Vi*  II  ll  piiMaca  t  linn  mb  Mil'  target;  tin*  prnxlllllty- 
f uni’ll  alii'll  may  lie  ofTnetlvi'  If  ll  pnaaca  I liri mikIi  a 
ecrliilii  la i'Ri'1-  region  nanr  Ilia  target, 

We  amy  mile  tlml  If  a  aniiipiilalliiii  iif  /*(•», f»,r )  or 
/'(l),t),0)  la  iiiiula  from  one  of  Ibaae  fiirmnliia  on  Ilia 
naaillilptlou  I  but  all  fnsaa  operate,  then,  to  eatlmate 
Ilia  effei'l  If  k  per  eon  I  of  Ilia  flute*  fnlla  In  operate, 
ll  la  Hilly  lii'ci'HHnry  III  pul  a  factor  (I  -  A- ' IIM>)  In 
Ilia  probable  ilenajly  of  linrala,  Hlaee  llila  la  a  eon- 
wtnnl  factor,  II  can  In  removed  from  under  Hie 
Integral  algu  In  Ibaae  <<t  |im  I  Inina  for  rink  an  the  rink 
la  anally  corrected  for  opcralilllty  of  the  fn»e, 

In  applying  Hie  varlona  fiiriiiiilna  of  Ibla  aeelloii 
It  la  aoon  dlacovered  tlmt  Hie  hitrgrnl*  can  aeldoin 
be  evaluated  In  any  alniple  form  but  uniat  lie  com* 
puled  immerlcnlly,  for  any  given  apecial  caae,  llila 
evaluation  la  not  too  ditltenll;  however,  ll  becoiuea 
extremely  tedlona  and  expenalve  If  I'onipntatlona 
im ik!  lie  made  for  a  Inrun  number  of  example*, 

The  Integral*  far  riak  from  time  and  proximity 


fil«ea  are  oanally  evaluated  by  converting  them  to 
the  (r,+,f)  coordinate  ayaleni  with  origin  at  the 

aliell  burnt , 

11.4  IIIMTOKIUAK  MUMAfAKY  OK  PIUN- 
OIPAh  MTU  III  KM  OK  I1IMK  TO  AN 
AIHCKAKT  KltOM  A  MINOI.K  MHOT 

In  Ibla  aeetlnii  we  deaerlbe  the  apeellle  probhmiia 
atudled  In  eertalo  report*  on  rlak  of  damage  from 
blgh-exploalve  aliella  and  rockela,  outline  the  aa- 
aiiinpt ion*  and  the  nntiirn  of  Hie  reaulia,  and  give 
Home  idea*  of  Hie  method*  lined. 

Hecllnii  If. 4.1  deal*  with  two  Itrltlali  report*;  "■  '* 
Seel  Ion  I),  1,2  dlacnaaea  (Will)  Heporl  No,  the 
lira!  major  atmly  of  thin  kind  made  In  llila  country, 
Section  ll  l  .'l  la  devoted  to  another  ancli  alndy 
alarled  aoon  after  DSHD  7!1K  but  publlabed  year* 
later  an  AMP  Note  No,  III."1  Seclhm  11.4.4  deal* 
with  Hie  Inal  large  alndy  of  link  rlak,  AMP  Iteporl, 
No,  I HA  I  If,"  Section  1 1, 1, ft  dlacnaaea  aome  ipieationa 
of  rlak  in  a  bomber  from  airborne  rocket  lire,*  * 
Six’llon  1 1,  I  II  dlacnaaea  aome  AMP  report*  of 
apia'lnl  aapeda  of  die  link  problem;  for  biaianee,  one 
aiicii  reporl  diaeiiaae*  Hie  probability  of  aliiailltlg 
down  n  dlna'lly  iipproiielibig  nlremfi.*  I  liber  re* 
porta  in  Hiiaaeetlon  deni  with  eouipm  lanil  of  different 
gnu*  mid  projectile*,  naiiatty  for  dlreelly  approach, 
big  idrernft. 

The  nt  I  It  hi  Ich  with  which  llieae  reporla  regard 
problem  ( I ))  vary  widely  beemiae  of  (lie  dHTei'eiieu  In 
Hie  apeellle  protileina  Hint  ivipilred  aoine  alndy  of 
rlak,  In  He  Ural  Hrlllwb  report,"  I  lie  emplmala  la  on 
Ibe  eoiiipnrinmi  of  Hie  efTeellveiiea*  of  different  typo* 
of  AA  aliella  and  nf  different  aliimliirila  of  aeeiirney 
In  abootlng.  A  large  purl  of  (he  report  la  nlao  devoled 
to  a  full  development  of  (lie  liiooretli'al  metlioda 
lined  In  theahnly  of  rlak,  The  aeroml  Hrltlab  report1* 
la  vllnlly  I'oneerned  with  Hie  HTeel  of  Hie  dlati'llut- 
llon  of  aliell  linrala  on  Hie  prnlnihlllty  of  damage  and 
atteiiipfa  to  get  a  formula  for  ipiii'k  approximate 
ealciiliitloii  of  the  link  when  the  prnhitble  deiialty  nf 
biirata  la  given  In  u  eertnln  form,  <)SH!>  Iteporl  No. 
7H8  ■*  la  inn  Inly  iMtut'ornotl  with  comparlaon  nf  the 
elTeellveue**  of  time  mid  proximity  fuaea  for  a  given 
aliell  In  half  a  ilnuoii  different  fact  leal  alt  iiatlon*. 
AMP  Note  No,  lt>  "*  alao  coiiipnri'a  Hie  rlak  far  Hate 
ami  proximity  fimea;  a  fuel  leal  alt  pat  Inti  la  llxeil  and 
Hie  empheala  la  placed  nil  t  he  effect  a  af  vnrlatiiiH*  In 
Hie  fi'iigmentatlun  ehumeterlatlea  of  the  aliell,  AMP 


CONKIDKNTIAK 


THIS  IIIHK  TO  AlllitlAKT  PIHUH  tillilMC\l>«,0*l VK  PHOJMrmi.K* 


1N2 


Huport  IHA,  I II  11  H-ttomptM  tn  wilvn  piniiU'inw  (A), 
(B),  iuhI  (C)  uf  llm  Intruiliioduii  (Hi'i'lluii  11,1)  mnl 
thwvforn  alron  mi  upprnxlnmtr  Miilitllun  uf  prolilonw 
(A)  mid  (!))  wliloh  win  ho  tminpulod  fur  many  dif- 
iWwit  liiotlonl  nitwit Iiiiihj  In  imi'llwiliir,  fur  mmiy 
dlffonut,  riinaoH  unit  iiltltmli'H  of  llm  tnraot 


11.4,1  Two  (Iritirth  Stiiillon 


lit  HMD,  tliu  ihilmli  ilcvii|ii|ii'il  ii  niothud 14  I'm' » in* 
rum  |  hi  rim  in  of  tliu  oITooIIvoiiohx  uf  dlltWonl  AA  nIioIIh 
iiliili'l'  vnryliijt  iiHHiiin|it Iiiiih  ul m ml  dm  iii'i'iiriiry  of 
lliu  AA  till'.  Tliu  imiiI lii'iiml li'iil  ni'Kiiiiii'iif  In,  onhoio 
dully,  dml  mil lliiril  lu  Hi'i'lluii  ll,M  uf  till*  Hm 
fur  dini'-fiini'il  hIioIIh, 

Till'  (li'iil mlilc  ilciiNlfy  uf  Ihii'hIn  Ih  iinhiiiiii'iI  In  I m 
<  ini  inhIhu  with  orroi'H  lm  Ii -|  ii'in  It 'it  I  In  lliu  llm'i'  ro- 
iii'illliiili' illrui'l Iiiiih  noil,  nnironvor,  il  Ih  itHHuniod  Hint 
lliu  n  in  In  i'i  I  ili'vIniluiiM  ii  i  mnl  ii9  In  lliu  ,r  mnl  // 
illl'i'i'dniiH  (iii'I'iihh  die  Iritjoulnry)  ini' i'i|iiul,  Tliuu  lliu 
pi'llhllhlo  ili'lmlly  uf  hlil'nlH  illki'H  lliu  fni'lll 


/''U-.I/.S) 


'  |l,|l  l  u’,*,*  I  ,'  »,'i 

( \  2 w Huff., 


Tliu  liiiKiiii'iilnduii  < In t n  rulin'  I'nnii  xovenil  hiiiiiuuh: 
I.  ( 'nun t h  of  lliu  iiiiiuliur  uf  Ii'iikiiiuiiIh  poiiolrnthiu 

. . .  mi'i'uumh  | iltit'i'i I  nl  dilt'oionl  1 1 IhI hi h'i'h  fr< tin  lliu 

Hill'll  lllll’Ht, 

2  <  'uimt  h  of  lliu  liiiuiliui'  uf  iIIhmIiIIiik  lilt  ih  mi  u 

Hlniilu'liii  In •intii'i'  lunm  In  i|i«  inti  in  I'rnaMiont  mum 
uf  lliu  hIiuII  Iiiii'hIh, 

H  I'miiilM  uf  iiiiiiilini  mnl  wuiulit  i  IIihI  I'ilm  i  ii  hi  uf 
fl'IlKIIM'lltH  fl'lllll  hIiI'IIh  l'\|lll  II  |l'l  |  ill  Hjlllllillltt  llUI'llh'UH, 
l‘*l'iUu  dii'  IIi'hI  Hiiiiri'u  II  iuih  |iiihh||i|u  uhIIiiiiiI" 
lliu  fniKini'iit  duimlty  >i(r,^i  In  Iuiiiih  uf  diu  iIIhIiiiiui' 
mnl  illrurt Inn  uf  lliu  tmaol  from  lliu  hIiuII  lly  nun 
I  Hiring  III  mnl  (2)  ii  rur I't'ln  I  inn  liuiwuuii  fiiinniunl 
donnlly  mnl  « In iituui'  lu  ii  lili'iil ii'liit  IhihiIii'I'  "iih 
fullliil  fill'  lliu  lyjic  uf  hIiuII  i i hi 'i I  lu  lliin  IuhI,  I'T'i iltt  (It) 
iiift  it’uin  I  Inn  ii  h  In  lliu  full  ■nil'  of  lliu  nninliui'  uf  ilnully 
f rn yi iiui 1 1 h  with  iIIhIiiiii'u  from  lliu  hIiuII  Ih  uliliilnuil 
fur  ii  iiiiiiiliur  uf  illlTuruiil  hIiuIIh, 

Tliu  nrlliiil  umupiux  Iiii'kuI  |h  i'u|iliii'ui|  by  ii  hypo- 
I lii't li'iil  lui'ttul  f iii'hi'ii IliiK  ii  viiIiiitiiIiIu  iiruii  uf  IIHt 
hi |  ft  fi'uin  liny  iIIhIiiiii'u  nr  illrnulinii.  Tin*  I'i'iikiiiuii- 
tut  Inn  |int  tern  I  him  Iiuuii  doHorlhod  li.v  dhidina  lliu 
IiciiiIhi ilit'i'u  forward  uf  lliu  Inirxl  lulu  nuiion  uf  2. ft0 
whllli  mnl  kIvIiim;  dm  Uiiliiliur  uf  I'i'iikiuuiiIm  in  unrli 
KWH'  wl  ill'll  |ii'iii'll‘lllu  lliu  2-lli,  \wn  ii  lull  hi*  n  M'li  uf  IuhI 
( I )  nl  lliu  illxlmiru  hi  i|iiuh||uii,  Tim  liiiuiliui'  uf  IIiumu 
fi'iiniiiuulH  oxpoolod  In  Hlrlku  it  dink  of  IIH)  ni|  ft  limit 
wwt  uiiiii|ii|lutl  ax  fulluwx;  If  lliu  rniilnr  uf  llm  dink  |h 


nl  (r,f),  dm  dink  Itxulf  ovurlitjjH  hoitw  of  dir  2,5* 
notion,  In  wiuli  euiio  illvliln  tliu  urun  uf  lliu  pin  t  uf  I  ho 

i link  In  dml  xiiiiu  Ity  limin' . if  lliu  Kuimnml  multiply 

liy  lliu  niinilmr  of  fmaroonlN  In  dint-  mum  tu  (tut  dm 
oxpoolod  inimliur  uf  id t h  frmii  that  mum,  Add  dm 
i'uhiiIIh  In  M''t  dm  uxpui'tuil  niimhur  of  lilt*  on  dm 
dink  fill  llm  rniiao  r  mnl  lulltuilu  \l>). 

Tim uonipitrlwiu  of  IuhIk  (I)iiiiiI  (2)  *it*«i*«tt»il  Hint, 
tliu  llleiiliolin  IkuiiIh'i*  ruunlvuil  ouu  dnliiiiabia  lilt  for 
unuli  wvuii  "llimnitliH"  (fmffUtciitM  poiwl  ndliia  n 
IIH)  Hi)  fl  ii  run  of  winuIuii  Huruen)  nt  lliu  Himm  Inlllndo 
mill  iIIhIiiiii'u  froiii  lliu  IiiiuhI,  lluuue  /ufr,^),  lliu  ox- 
puuluil  uinnliur  of  ilmiiHitliiK  I d l «  nu  mi  nlrmifl  id 
niiiKu  /'  mnl  Ini  1 1  ii<)i<  wiin  found  from  lliu  nuruuii 
IuhIh  mnl  fiill-ulT  do  In.  Dlrui'l  uouiiIm  of  llm  iiiiinlmr 
of  "llirnnalm"  wui'u  mil  iiviillnlilu  fur  viiIiiun  of  r 
(punlur  limn  I  AO  fl,  ho  lliu  i|u|iuiiiIuiicu  of  mi  t 

for  liti'icur  r  w ii h  uHliimiluil  I'riuu  lliu  fnll-olT  of  vuiuuily 
nf  lliu  I'i'iikiiiuiiIh  Ilyina  1 1 1 rniiM.li  llm  nlr. 

I  iiiii*  mi  i  Ih  alvi'ii,  lliu  prnl  ml  ill  ily  of  nl  IuhhI  ouu 
iliiiiiiiKina  hi!  in,  from  lliu  I'uInhom  In",  I  —  r 
"liuru  in,  •*  iiiii',4’1,  \n  Mppuinlix  of  IIiIh  ruporl  14  dlx- 
UIIHHUH  ill  HOIIIU  llulllll  dll'  lipplil'llllilily  Ilf  lliu  I'uIhhoii 
low  In  lliu  HUiillurlua  of  mIii'II  fi'iiKiuuiilH)  lliu  uvliluiii'u 
lliun  iiviiiiiililu  lliluil  very  "di, 

Till'  ilili'Kl'iil loll  of  lliu  lilplu  lull'itl'lll  "IIH  linin' 
nuniurluiilly  in  hiii'Ii  n  ivny  dml  lliu  purllmi  of  lliu 
link  iliiu  In  ui'i'liiln  11'aioiiH  iiI'iiiiihI  lliu  hIiuII  uiiiiIiI  Iiu 
I’i  mm  | ,  li  "  n  h  fmiiut,  Cor  uxmnplu,  dml  umlrr  trinity 
ulri'iiiOHlmiuuH  limn'  I  loin  liulf  of  lliu  rink  cuiiium  from 
Iiiii'hIh  iiii iiu  1 1 iii ii  IIH)  ft  I'l'oin  llm  ini'Hct 

Thin  on  rly  ropurl  Ih  I'umlmiwiilnl  lo  lliu  Hull  I ;  Il 
ui ml niliH  ii  ulunr  iIIhi'iihhIoii  of  lliu  niniN  mnl  iIIIIIuuIiIuh 
III  llllumplllIK  lu  dm  I  ill/'  I'ink  fl'ulll  it  nllialu  nllnl , 

A  huuuIiiI  HiIUhIi  rupurl  '*  iIuhi'I'IIh'h  ii  uinllind  nf 
uuuipiilliiK  llm  pruhiiiillity  nf  diiliniao  "'hull  lliu 
prnlnihlu  iluiinlly  nf  Iiiii'hIh  iIiiuh  mil  linvo  llm  xliuplu 
fni’lll 

^  M  U  1  «'  1  *'  »<'i 

(\  Ur 


alsun  in  i'i  (i  in  1 1<  hi  i'it  Inil  fullmvx  lliu  nioru  auiiurid 
ullipHiildid  I  IiiiihhIiiii  In"  ahull  iii  oifiinl Inliw  I  I)  iilld 
15) i  dml  Ih 


ttimii' 


I\ 

(  \/'2r  I"'' 


H) 


V(.r,//,i)  u(.r  -  i*)*  +  h(y  -  fl)*  T  r(i  -  y)* 

4  1^1//  -  -  y)  -f  2f/(t  -  y)(.r  -  «} 

4  2/K.r  -  <«)  (u  -  /<),  (ft) 


('<  )N  I<'II)KNTIAI, 


iiiwokicai.  himmakv 


Q  in  imy  giimml  form  win  mo  lin'd  mniimoH 

tun  j'llitieniiiliil,  mill  A'  Ih  Hiiimimi  mi  Mini  tim  lnlogml 
of  ,i)  livin'  till  apmio  In  oho,  Moat.  of  till*  pafior 
di'uln  with  the oiiHOoliiohliiH,  Hint  Ih,  «  »  0  «  y  «  0, 
M,v  iimIii|£  oortitln  it|>|  looNitnn  1  Iihin  In  I  Ik*  iiuioniioid 
ovalmitinn  of  llio  triple  Integral  fur  |irnlmlililly  of 
damage,  n  fniioilim  /«i(Ao>  Ih  ilolliioil  in  tct'inn  nf  I  In* 
t,v|io  of  nlicli  iihoiI,  tlio  ult It ii«ii>  of  tho  Iiim'hi,  uml  tlio 
reniidiiiiig  voioolty  of  tlio  hIioII,  Till*  Innotloii  Ih 
tivimlittisi  lor  ttvo  nIioIIh  (Hi'ltUli  H  7  III,  mill  I  A  In,) 
nt  nltltinlo  lit, not)  ft  nini  remaining  voioolty  1,1150 
f|iH  Two  approxhimtlniiH  to  /*((t,0,tt)  ii ri*  given  in 
hiioIi  n  form  1 1  in  t  limy  oiio  lio  ooiii|iiiloil  qiiiokly 
from  tho  oootllolonlH  of  tlio  ,|iinilnilio  form  (Jl.i 
Tlio  h|iii|i|ohI  iipproxhmithili  Ih 

/'(tt.tt.O)  -  A'/„(A.,), 

W  Ill'll' 

II  I  Ii  I  0 

-  ;l 

uml  n,  b,  uml  r  mo  Inkon  In  mi  tin  given  |H  ilyni  miiIiiI 
<J  \  hoiiiom  lml  more  moi'iii'ii  t«*  n 1 1) >i‘i  >'ilii'ii  t  ii  ill  Ih 

/*(tl,»l,t»l  -  A 7, (A, t, 

\i  lion' 

A,,  “  ^  ^  ^  oo»J  ^  |  f  HiiOf,, 

limi  4‘.  Ih  tin  nngle  depending  mi  llio  iliioollon  of  tlio 
mo  In  I'niKiimiil  m  mo  of  tlio  ImomIIiik  hIioII  uml,  lionoo, 
depending  on  llio  type  of  hIioII  uml  iln  roninltiilig 
voioolty  nt  tlio  llino  of  IiiiihI.  TIioho  ii | >|»i'osi iiiii t |i him 
mo  roiiHoiuil  iit\  uni  it  I  iih  ii  mu  ii  h  tlio  mI  ii  in  in  r<  I  devi- 
ntioiiH  mo  grrntrr  t Inin  Hilt  It  TiiIiIoh  iiio  given  for 
ooitooI ion  of  lliono  ii|i|iroslliiiilioiiH  to  otlior  iiltilniioH 
ninl  romnlnlng  M'looltioH,  ho  ii  ijiilok  ohiIiiihIo  of  rink 
for  olHioi  of  llio  two  hIioIIh  ooiiHliloroil  rim  iio  given 
In  imy  tiiotioni  m*i  i  in  i  ion  In  wiiioii  tlio  |  uni  hi  I  ilo 
ili'iinlty  of  ImiihIh  run  Iio  iIohoi'HioiI  in  llio  form  of 
OI|lliltlllllH  1 1 1  unit  (5),  with  n  m  fl  mu  y  m  o, 

tM.a  OSHh  lli'imrl  No.  7111 

'I’IiIh  i'o|mrt  oimi|inroH  llio  olfoci Ivoiiohh  of  tlmo 
mnl  proximity  fiiM'Hfor  Nnvy  A-ln.,  itN-oiillln'r  hIioIIh, 
Hinoo  llio  ro|)ort  wiih  writ  toil  helorn  imy  knowledge 
nun  iiviiilnhio  of  iiotiini  Ihii'hI  Hiirl'nooH  of  u  proximity 
I  imi'i  ci  iii  1 1  m  1 1  ii  t  ii  o  ih  wore  on  nil'll  through  for  two 
ty|H'H  of  Hini'iiooH,  Ih'|ii1h|*Iii*ii>  mnl  (link,  mid  for  it 
wlilo  vmioly  of  HoiiHltlvity  ration. 

Tlio  iirolmlilo  ili'iinlty  of  Iiiii’hIh  for  Hum  fnron  wiih 
II HHI I  rill'll  til  follow  II  H|ll(l'l'olf  llll  (  IhiihhIii.ii  lllW  (l«|im- 


tion  (3))  with  Htmiilni'd  doviutlotiH  #i  mid  if*  hoiiwh 
uml  idling  tlm  trajectory,  l.lojmndonoo  of  llm  link  on 
<r(  mid  ir;  w  iih  nt  mill'll  idong  witli  tho  dejjondoneo  on 
fine  olmmotorUlloH,  Tlio  numpnlntlmiH  for  llino  fiwoa 
ini'  inmli*  from  llio  fnrntiiiiiH  (!!)  mnl  (17),  Tim  I'oin- 
pntnt  iiitiH  lor  proximity  fmsoH  wore  i  inn  In  from  tlm 
fnrniiilii  (IW)  ivltli  if(  «•  trB,  with  /’  ii  el  role  of  rndlim 
Moot  roll  torod  atOnml  wit  Ii  /(J*,//)  <■  VV  —  ,r3  —  //3 
for  tlio  lioiniHpliorienl  litirnl  Httrfimii  of  rmllitH  l> ,  mnl 
f(,r,n)  •»  — i/,  it  oniiHtmit,  for  n  dink  Inii'Ht  Hiirfnoo  of 
iimIIiih  b  oontorod  il  foot  in  front,  of  tlm  largot, 

\'inioiiH  tnhloH  give; 

I,  /*>,  tlm  rink  from  a  llmo-fiixoil  hIiHI,  In  Ioi'iiih  of 
tho  Htmnlmii  doviatioiiH  «r,  nod  ti  hoiiwh  mid  nlong 
tho  trnjootnry 

2  /'*,  tlm  rUk  from  n  proximity-fluted  hIii'II  with 
Immlnplmrieiil  burnt  niirlime,  in  Iohiih  of  llm  Nlnndnrd 
dovlntimi  <fi  imriiHH  i in  trnjooinry  mnl  of  tim  radii  in 
of  I'm  immiHpImie, 

.'t  /\,  tlm  link  from  n  |iro\loilly-fnimd  hIioII  witii 
ii  dink  IhiihI  Hiniimo,  In  leriim  of  llio  atnmlniil  devi- 
n t Ion  n,  uoroHH  tlm  trnjooinry,  tlm  iiniliiH  h  nf  tlio 
dink  mnl  tim  dlHtmmo  </  frmo  tlm  oontor  of  tlm  (link 
to  tlm  Inrgot, 

I,  Tlm  inlvmitngo  nil  Ion  /’»  /',  mid  /’*  /* i  in 
tnrniH  nf  iIioho  (i.iiiinmti'i'H. 

It  limy  ho  nutod  limt  lor  tim  rmigi  of  viiIiioh  of  a{ 
iiHod  in  iIiIn  report,  tim  lUkH  from  proximity  I’iikom 
vii ry  approximately  Invorwly  with  tlm  Hipimi'  of 
tlio  Hliimlnrd  doviiillon  iii'iiihh  llio  trnjootory,  ’limt 
U  tu  ho  o\pi 'oil'd,  for  tlm  proximity  fimn  link  Iii'Iiiivoh 
iionii  like  tlio  link  limn  ii  miiIIiI  pmjootllo,  The  differ* 
oiioo  Ih  Iii  tho  nroii  through  which  n  pruxlmlty-fuiied 
hIioII  limy  punn  uml  Hllll  Iio  offootlvo.  In  Imth  oiihoh 
I lioii'  Ih  ii  oorlnhi  nroo  of  tho  ,r,//  plniio  hiioIi  thill  n 
Mlmll  on  n  trnjootory  punning  through  n  given  puiul 
t, r,//l  of  tlml  nri'ii  1 1 iih  n  cniiidii  prolnihlllty  of  doing 
dnumgo.  For  hiiIIiI  or  enlitimt-liiM'd  jirojootili'H,  HiIh 
nn'ii  in  tlm  proHotitnl  nroii  of  t  lm  tnrgot ,  for  proximity* 
III xoi I  proji'otlloH,  thin  nroii  Ih  tlm  proMontod  nrou  of 
tlm  Inirmt  Hiirfnoo  For  largo  Million  of  n,.  llio  funollon 
„  iron v' i  .ci 

Ih  iippriixluiiitoly  ci  j  1 1  ii  I  lo  I  C2irt>|)  over  tlm  I  hum* 
ho H nor  Hiilmtlliillng  In  niiiiiitliin  (IH)  mnl  Inking 
tlm  oniiHtmit  ftiotor  I  from  iimlnr  tlm  Into* 

grid  nign  Ion  von  mi  hilngnd  not  dupendent  on  ; 
honor  tlm  link  Ih  iippmxhmdnly  urnpurtlnmil  tn 
IM' 

Homo  h| inly  Ih  hIhii  mtuln  of  tlm  olfoot.  of  aifllinic 
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mi  Umm>  I'lwkn,  TIiIn  llil'iirnnil Inn  In  umimI  Ik  IIhiI  llm 
mlvniilnuc  in  I  In  ul‘  |im\l!iiil.v  uvui*  Him-  Iiikcn  In  Imlf 

II  llimi'll  lIKTl-CI'lil  Ini  Ill-Ill  nil  IIIiIIhiih  N| ii-i'llli-i |  liy 

nlHhnli*,  nliuit  iiiimc,  mill  iiri-  i-inili'iil 
Tin-  ii-hiiIIk  iif  f  |||h  mIikIv  liiilli-nli-  llmi  ||,  Hit-  ty|i|i-nl 
t  net  Ii-mI  nil  uni  |i  him  i-iiiinIiIi-ii-iI  |,i'n\iinily  hhiiIiI 

ifivi-  f  it  mi  yiej  in  n  i  iini-M  tin-  in-Hi,  niiiiii  y  „r 

Innn  linn-  futn-M,  Tim  nmui-  nf  v  min  linn  In  i-clat h n 
I'lTi’i'llvi'iii'iw  In  line  to  I  |M.  vnrlnlliuiN  In  hIiiiIiik  mT„iN, 
iillll lulu,  mill  h| hi | ii<  of  Iiik'nI  niiriin-i-  in  H| t| | «•  ,,f  Mm 
iiiii-i-riii In | It #h  lii  (In-  1-1,111111111111,111,  HiIm  n>|ii,ri  Imll- 
«'"|i-'l  tlml  ll'  iimvliiill.v  limi'H  i-mtlil  |M.  „„„|„ 
n|ii-mli'  i-vi-ii  Imlf  in-  lliri-i'.|'niirlliH  «,r  llm  linn-,  limit 
liriislinlly  Iiiki-h  hi m I, I  In,  iimiiKiirnlily  iimn-  i-ITim-- 
i  h  i  I  linn  I  In,,-  Iiiki-m.  1 1 1 1 m  1 1 ct -i  1 1, 1 1  Inn  I  him  I  ii-i-ii  Imnii- 
""I  li,v  i-iiiiilml  ri'i-iiiilM,  Tim  ioniiIIn  nf  i|h-  imxl 
"»»l,v  1,1  iil«"  i'iii|iIiiim|iiii  Hi,-  winm  i-iiiii-IiinIiiii  nit Imnul, 
Hu-  lomnil  limit  ii'imrf  wiin  mil  InniioiI  until  |,I(,K 
Iipiwlinlly  fiim-H  hm|  In -mi  |M  mltln  hm>, 

Urn-  w'l-llini  of  llm  n»|inrf  ci,tn|in n>H  ||„,  vnrlitllnti 
nf  I'flWtivniiiwnif  nIiHIm  of  iIIITci-i-iiI  wi-lgldN,  Aiinllmr 
w-i-liim  iIImciihmi-m  llm  <l'<|mii<li>im>,  nf  llm  nflfi'ellvnimnK 
"it  Hin  tvnlglif  1 1 ImI  ill n,i  Ini ,  „f  fniicnnttiiM  f nun  Mm 
Iiim-mI,  Tliln  Iiiin  IIn  ofTm-l  mi  Hu-  rniii  nf  which  Mm 


l"M"  . . I  iin  limy  ||y  fmiu  ||m 

mi  Mm  h|h'hI  ii  fi’iiftiimnl  imiHt  i-i'IkIii  in  htivo  piuuikIi 
I'tmi'Ky  In  iln  iliiiniiKi'  tt'lmn  It  nIHIion  llm  lni'Ki-l, 

In  linlli  MiIn  ninl  Mm  iiri-i-i-illun  n-pi u-t  tin-  iurgol  |H 
. *  I"  *«•  'll  vlili-il  Ini,,  |  In, -i-  |  in  it  m  „f  ilifTcri-nt 

Villimi'iilil||l|,‘N  tllii'Ni-  I  III  I'l  H  lire  lilt  i-mli-il  In  i-niii-. 
Ml"""t  *"  I'Hi'l  Mini  I  n  mi  I  hi  n  I  In,-,  fim|  nyNli'tn,  mu! 
'ii"*"*'1  H-riii  *ii(/'ltf'),  tin-  in  i  ml  u-t-  of  fi-nitnmiitN 

t'lTicMvo  iikmIonI  i hi-  nihminlili-  m-,.,,  |M  l||m,||„u  $ 
mill  iIInIiiiii-i-  r,  In  i'iiiii|iiiI,-iI  fnnn  twn  n<>:-|n  nf  ilnln; 
IIinI,  Mm  iiiiuuliii'  fniuiimnliitliiii  |ih( ti<i-n  ni  Mm  H|mll 
miili-r  iIIki-hnnIiiii  hIiIi-I,  «Ivi«n  Mm  miiiilicr  nf  fnm- 
ni"i"«  in  i -iii'li  mum  ul  llm  I ,ii ml  llw-ir,  ninl,  Hi-i-niiil, 
w""l  I’1*  Klvliiff  llm  iiutnlmi'  nf  fi-iiKiimuiM  nf 
tilt  i'ii  "i-lglil  llii'nwii  nil  liy  tin- 1  in  ml,  AnniiiiiIiik  Mm| 
llm  hi-IkIiI  |inUi-i'i«  nf  fiuKiimiilN  In  llm  Ntttim  In  nil 
kihh-n,  Mm  iiiiiulmi-  nf  riiiKiimiitN  nIIII  uflVi-Mvo  ul  i||n~ 
Intmi'  r  In  «<<  mi)  ml  nil  fmin  Mm  Ihh  f„r  nHimluHnn  nf 
I  ru  it<>  mu  I  h  liy  nli-  f  rh*f  i«  in  it  ml  fi-iini  llm  inmricy  imnilmi 
III  III-  i-ITi-rllvi'  will'll  llm  lingnl  In  ntritck. 

•  <•»••'*  AMI*  !N'«ic  IMo,  19 

TIiIn  idimitI,''  like  OMUU  7,’IN,  .Iucn  u„l  tnk„  it,. 
In  I'uiiNlilt  mMini  llm  fiiimMiinlnfc  ehnmctnHHt Icm  of 
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proximity  funi'w,  Iiut.li  report*  compiiri'  time  iiutl 
proximity  fumi'w,  luil,  In  tlm  Inter  une,  n  particular 
liu'tlnil  wllnittlnn  in  hihh*IIIoiI  it  lit  I  a  windy  made  of 
t  ti<*  dniit'ildwiee  uf  damage  |irtihablllt.lew  tin  *  hi'  fol¬ 
lowing  fmgumtilidlnii  I'hiirimterlwtlpwi  (I.)  lingular 
(llNtrlbiiiion  of  fragment  pattern,  (2)  totnl  number  nf 
fragment*,  (111  tlm  full-i iff  low  for  effect!  venow*,  imil 
(4)  tlm  weight  dlwtribiitlnu  uf  fragment*.  Tlm  Iti- 
vewtlgutlnn  compare*  I  Inn*  fo»ew,  proxlntlty  hi*i>H 
with  licml*|ilirrienl  hnrwl  *nrl'iteew,  imd  proximity 
fnxi'H  with  illwk  bui'Hl  *urfncew,  Himli  Imrwt  warfare* 
arc  rrrngtilaeil  ii*  hypndietlnd,  but  tlm  iiii'HkmIk  de¬ 
veloped  nil’  iif  wldi'  n |i|iil»'ii blllfy . 

Knr  i ’iii'li  fiissi*  lyin',  linlivlilniil  utiKtiiitr  tunic  cuii- 
t I’ltuit Iiiiim  iii  tlm  t oi ill  lU'iibulillliy  nf  nt'  li'n*« 
damaging  f in t<i  111*11 1  lilt  uri'  uniilyxi'il.  Tlm  nuue*  nri’ 
iimmuni'il  In  li'i'iu*  of  liillluili'  relative  to  llm  i’i|iiu- 

lui'liil  . . I'  llm  *lmll  '  . . I'  dm  |iilni'l|iiil  ii'hiiIi*  I* 

Urn  ili'Vi'lii|inii'iil  of  it|i!lmiiiu  fragmentation  |iiilii’i'ii* 
fur  ciii'li  lyin'  of  I'nsm  mill  for  vurluii*  given  tniid 

I II I II ibl’IH  Ilf  Irilgllmllln,  ill  till'  I'llHO  III  II  lilim  lUHC,  fill' 
•<XII I1I]|||'.  llm  O|illioiini  |iul Icm  I'liin'i’iit nili'n  imwt 
of  llm  fmttuii'iil*  iii  fnrw nnl  mini’*,  llm  ImnvIi'Ht  cnu- 
ci'iil  rn  1 1«  m  being  ii  I  it  oi  I  5°  In  I  A"  nil  nf  llm  *licll  now, 
Himli  imlli'rn*  n in  gmiihlnil’y  pioiniyed  in  l,’lgure 
1(1  (lili'i.tlcul  with  I'lgnrr  8  uf  AMI*  Noli'  lh'.  tor 
llii’  hy |iol lid Iritl  burnt  wiu'l'acr*  rut  widen'd,  ii|iIIiiiiiiii 
fragmentation  |  hi  I  tern*  ml  vi*  lienvlrr  ronrcutriitlonw 
of  fragment*  fnrllmr  bark  from  tlm  imw.  In  ii  uiinnmr 
(li’lii’in It'iii  mi  llm  Inliil  nnnibi’i'  of  fragment*  mill 
( ew| ii'clii I l,v  fill'  dlwkw)  Oil  dll'  illinimtci'  nf  tlm  bin*! 
wurfiicc, 

Knl'  H  dnm-fiiKi'il  wlmll,  I'tTi'i'llvi'im**  I*  rcvinlcd  In 
lie  ini  Mi'  wciihIiIvc  In  liii'l'i'iiw'*  In  llm  lolid  weight 
of  dm  wlmll  ( on  nr  fnignmaiw  In  i'im'Ii  aright  cIiiwn) 
limn  I'nr  iii'iixiiiiil, v-fiir.nl  wlmllw,  tin  llm  ollmr  Innnl, 
ii  mure  I'oiiwldi'riibli'  hh In  iw  Iim Ib'iil ml  inr  innslnilly 
i HKi'M,  rather  limn  Hum  flute*,  froin  Iim'H'mwi'w  Iii  llm 
Ihmimww  of  fingmcululhm,  wlmn  tlm  lotol  weight  nf 
tlm  wlmll  Iw  Imld  Ilxed. 

1 1, t,4  AMI1  Hi'imrt  IH5.IH 

TIiIh  ri'|iorl  11  Iw  iirlnuirlly  ruitrenmd  with  llm 
huger  wriilr  |ii'oblcniw  (problem*  (It)  nod  ((')  of  tlm 
lot roihml Ion)  of  link  rlwk  nod  tliiM-cfi ifc  i'ci|iilri’w  wnln- 
llonw  lor  (irol iIi'iiim  (A)  nnd  (Id  fur  a  large  mnnlmi'  of 
vidimw  nf  tlm  wlnnf  ruiiKi'  and  uli'Vidlnn,  Till*  Iw  llm 
lll’wt  ri’i mi  l  HO  fur  iiii’ntlotmil  III  wlilcli  large  bhwe*  In 
llm  dlw|H<r*iiin  of  wlmlw  Imd  In  Im  eoiwldered,  In  lllid- 
litg  tlm  link  In  u  lnr«i*  group  nf  ulirrufl  fruin  u  Mingle 


Himt  It  iw  obvlonwly  ImpoMwIblo  to  uwwmne  that  every 
nlremft  Iw  id  llm  |Hilnt,  nf  aim;  It  iw  nneewwary  to  be 
nbln  to  I'wtlmnte  tlm  ri*k  to  iwh  alrcriift  of  tlm 
formation  wlmll  tlm  I  mint  dlutrlbnUoti  Iw  centered  at 
woine  given  fiulnt  (way  tlm  lend  alrc’vatt  of  the 
formation), 

HI i me  tlilw  report  Iw  eunccrnnd  with  jicoblcmw  (A), 
ill),  nnd  ((')  a*  well  aw  priililnm  (Id,  wonm  other 
wlm|)lillcathiii*  bail  In  lie  made  ta  make  It  powwlble  tn 
lake  iii'i’iiinit  of  tlm  elTeetw  of  all  the  new  variable* 
wiieli  aw  wliinl  range,  ullilmle,  and  the  location  of  the 
target,  relullve  to  the  point  uf  aim.  All  ciaiipiitnlhtii* 
ace  for  lime  I'nwew,  The  target  (aw  in  reference  14)  Iw 

a  wjihere,  A  tldltioiiw  wlmll  frag . (I  pal  tern  Iw  lined 

In  which  all  llm  fnignientw  are  awwunied  tu  lly  otT  In 
one  main  fragment  wine  nf  widlli  20* i  It  Iw  awwnmed 
that  in  dial  untie  die  fragment  ili'iwlty  Iw  eoiiwtanl. 

1 1  ta  ice  for  imy  vniiiew  nf  the  dlwperwlon  paramelerw 
Ht mill’ll  In  the  preceding  rcpnrtw,  llm  wulutlim  nf 
problem  (Id  given  tliewe  fur  aeliiid  will'll  pattern* 
Mill  be  mure  relliilile  Ilian  llm  wulutlun given  In  AMP 
I  HA,  I  It,  llii  (lie  other  hand,  none  of  tin*  oilier  report* 
give  any  Itilui'iiialloii  a  I  mu  l  prubletn  (A).  The  nmlliud 
uf  cimipniitllun  I'nr  tlilw  report  iiwwiiuiew  lluit  llm 
prul  oil  ill’  dciiwlly  nf  biiiwtw  iw  wplmmldal  (laowwlali 
(cqiiathiii  lit)),  iail  tlm  iintgiillndew  nf  the  Htnndurd 
ilevlntloiiw  a,  and  w*  acruww  and  iihuig  llm  trujeetuiy 
ace  l liken  loach  Inrgcr  Ilian  In  any  of  dm  preceding 
Hiodlcw  and  aic  nwwaoicd  lo  be  dclcrmhmd  by  the 
(fnliire)  wluiit  range  hum  the  gun  lo  llm  liii’gel,  Home 
neeuiiiil  nf  reuialiilog  velocity  uf  llm  will’ll  Iw  iilwu 
liiki’ii  iim  Iw  llm  hitliieiiee  of  ullilmle  nil  air  irwlwlmiee, 
Iail  die  coiopnliidoiiw  do  mil  awwiuue  any  de|ieiideiH'e 
uf  /’’(.r,//,*)  mi  dm  I  might  nr  wpei’d  of  llm  Oii'gel  it*  ir 
any  depemleaei’ of  /»(.r,//,i)  on  die  iiinthm  ol  the  liir- 
gi’i , 

Hliiec  tlilw  I'huplcr  Iw  being  prepared  by  die  aittlmr 

of  AMI’  ISA  III,  ii  need  only  I . mntluned  that  the 

whulc  nldludi'  ul  tlilw  ('linptcr  haw  been  hdlneiiccd 
| iv  llm  Mink  done  and  Infnrniatlun  galliercd  during 
liie  pii'iiaradoii  of  lltul  repoi'l  ll  will  be  referred  to 
lignin  In  ouiiimrtluii  with  llm  dlwcnwwluii  (Hoi'llmt 
I ! , A i  of  a | (| (lien I b him  nf  pi'itbloniw  (A)  and  (Id  lo  llm 
gcimral  pi'ubk'iiiw  ( It)  ami  (( ')  which  are  of  more  uh« 
vlnow  Imiiiedlale  coiieern  in  an  air  I’urci’.  ll  may  only 
Im  milcd  ilinl  all  llm  I’limputidlutiw  cnrrlod  uni  for  tlilw 
report  mi  prublein  (A)  liidli'iile  dad  for  lime  fit  new 
ami  for  large  valnew  of  a \  ami  /,(a,/i,i’)  can  Im 
approximated  by  an  exprowwlun  wry  wlmllnr  tu  that 
ilt’ihting  ,*)  except  Mint  llm  center  iw  whirled 
forward  and  tlm  hilernl  dlwperwlon  hmreawed.  Tlm 
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forwnrd  nlilft  !h  (inn,  of  nninno,  to  the  forwunl  Hpruy 
of  tin*  fniitineiH#  from  tlm  burnt;  tin*  Iihtohso  In 
littnml  illNpoi'wlon  Im  eiitiHiil  by  tin*  tvltln  mIiIc  npmy. 
Tlmt  It*  to  tmy,  If  A't/,//,#)  follow*  tin*  t*|ilinnil(inl 
(IiuimmIiiii  Inst' 

fi'(r,y,g)  «  AVin-n-f 

tlinn  /»(«,*,!•)  mn  In*  iip|irnxhiiitlcd  by  n  fomniln  nf 
till'  foi'in 

/'(*), hfV)  «*  ^.“0  ('••  l  i>'i  i*i*  +  f*t  +  (<<  -  <mi,/»«*1 

tvln'ii'  nn  mill  ?  ini'  ili'lcrinliinil  by  (lie  nliell  mid  lit* 
rt'inii IiiIiik  vnloi'lly  dm  well  in*  IicIiik  liillni'iircd  by 
O)  mid  itg, 

Tiiblc  I  mIiiiwm  t  In*  vii I'lii I  ions  of  iirnin'iii’y  of  llrn 
tvllli  hIiiiiI  rniiKn  iimmiiiiii'iI  in  AMI*  I  HA,  J  It  iidiiu 
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Kim  in,  II  Niiiiiiikiii|iIi  flmtvIiiK  I  lie  l,iliillnii»lil|i 
iillilul  mii  vli'ii  I'MIiiIIMhM  Iti-lnrre  /*„,  I  hr  rlfk  In  ll 
nlliltlr  iilrrml'l  ill  I  tie  piillil  nf  ulini  />,  llrn  hIiiiiI  iiili|tn 
(min  kuii  In  nlii'i'iifi  i  mill  //,  llir  nil il min  nf  dm  iiln  riifl 
NiiiMi'Ki'intli  vnllil  fur  U  £  II  I >  mill  II  lire  iimiiiiiinil 

In  I  hnilM|»lnlM  nf  viiriln,  Tn  mm<  I  III'  lMtlilnw'li|ili  lit y  n 
mI rn (Kill *oi Iki '  (min  II  nn  llrn  left -luilnl  mile  In  I)  i >n 
llrn  Midildminl  mwIi'I  send  nn  llrn  rrnind  tmnln, 


tli chi'  iiHHiunpt Ioiih,  Klgini*  II  mIiiiwm  ii  iiiinniKi'ii|ili 
(reproduced  from  Flume  Hi*  of  t lint  ro|inrt)  kIvIiik 
the  i'iilidl(iin*lil|i  between  /'n  tlm  i-ImIi  to  ii  Mingle 
Himmft  nf  tlm  jmliit  of  nlin,  //  tlm  idtlbnln  nf  tlm 


point,  nl  (tlm,  mid  />  tlm  wlmd  range  to  Um  point,  of 
itlin, 


Tahi.h  I,  Minndtinl  dcvliitlimn  a,  iiIihir  dm  Irujwtnry 
mill  *i  -  <r,  imii'iwm  tlm  imjiudiHy  »*  finmilime  of  «innt 
mn*c  0  •mi tor  "Hrrvlni!  Ciniitllloiw"  iwoimed  In  AMI* 
Report  I  HA.  tit. 


I)  { t ,IHMI  yil )  m  i  ( (cut )  #>  (foot) 
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H. i. »  Alrlioriu*  Koikct  Fir«* 

In  till*  Mindy  of  llrn  rink  In  n  )•< intbi'r  from  nn  nlr- 
lionm  rocket  lin'd  fimn  iimIohi  ll  wiim  I'xpi'i'lcil  tlmt 
liri’  n iiitrn!  i'itiii'm  would  Im  Miimll  (  in mull  Unit  iiiiwt 
of  l In*  link  would  coiiio  froiH  cIiimo  Iiiii'mIm,  IiiwmIm  hi i 
i'Iiimii  Ilinl  1 1  ic  h|xi>  iiimI  Mlutpc  of  I  lie  lurget  would  bn 
1 1 ;i I iurl ii 1 1 1 .  Ilciii'c  tlm  I'liiidllloiiid  ]miliidi|llty  win* 
oi ini) ml i'i I  fur  mi  imiiuii  nlrcnifl  (tlcnnini  Ju-NN) 
ml  ln>r  limn  for  n  k) il i«*rli'ii I  (urge!, 

The  rocket  Im  hmmuiui'iI  In  Imve  u  proximity  finii'i 
I  lie  wloili*  m(  inly  Im  liirgcly  iniiliviiti'd  by  i|ii('m||iiiw  of 
fnxe iIi'mIkii,  TIiIm  hI in Iv  Im  luiirc  forlniiiilo  limn  I  >H It  1  > 
7MH  mill  AMI*  Nolo  III,  In  Hint  stoum  firing  tent  i  In  I  il 
"ere  iiviilliibln  for  llrn  |iro\liuily  firne  TA  of  the  1 1 
In.  nlrliorim  rorkrt, 

Tlm  li'('liuii|iii'  of  ('iili'iilidiiiu  of  llrn  cmii III liiitii I 
prolndilllly  tulii't  ion  Im  given  Iii  I  lie  IIi'mI  k  of  u  Merlin 
of  ii'|iorlM  on  llm  Mindy,  Tlm  Iminlicr  Im  divided  lulu 
mi'i'Hoiim  mid  for  eiii'li  Mi'i'i lull  Hie  vulrminble  nreii  Im 
cMlIiuiili'd.  For  n  given  |ioj  d  of  IiiiimI,  i'oiii|iutnHoiiM 
from  llm  friigmenl  | ml  tern  of  tlm  rnrket  give  tlm 
expected  uiiiidmr  of  IiIIm  on  inch  of  tlm  vilhii'i’libli* 
I  iii  rl  m  Tnklug  ui'i'i  iiiut  of  tlm  Mhleldlng  of  oim  purl 
by  n  in  il  lii'r  (from  llm  given  polul  of  Iiiii'mI)  llm  lobtl 
expected  Iiinulii'i'  m  of  ilini Ily  IiIIm  eiiu  bn  fiiiuid,  Tlm 
ci  mi  III  loon  I  )  in  d  iii  I  d  II I  y  Im  Inknu  to  be  I  —  e  '"  In  tlm 
i  (hi  hi  I  wuy,  TIiIm  ri'poil  iiImii  i'iiIi'iiIiiIi'm  the  crrori*  In 
llm  coiidllliiiiiil  |irnl iitbllil ,v  thill  wuiild  ni'lwi  If  llm 
iii'lniil  bn-get  wllii  IIm  Mi'iitlereil  vtilnemble  pnrln  were 
rc| ilni'i'i I  by  ii  Mplmi'i*  of  llm  wtine  preMeiifiil  hi’iml  nl 
Hie  I'l'iilcr  of  the  eel  mil  In  rgot, 

Tiilile  2,  reproduced  friilit  Tnbln  I  nf  lld»  report,* 
nIiiiwm  lid*  roiidltliililil  pl'ubrdilllty, 
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,m,l,"l,"lly  th"t  11  rorki't  fired  faint  n*l I'm  iriHtMny 

'III  NH  W|SM,.(|*’||  Willi  initio  3i  i  (Il'KlMl  cmitml)  miglm*  ,,„ii  n*Niinmtl  iiimf.lf  m  mlnrii  te  Iihni.  mi  ,m  niiglim, 


Hlulimec,  (j*)  In  fi'i'i,  mint  lull  of 
«IC|il«iiii  iKumninul  lowurd  inwn 


I'liilMililllty  I  Iml  IhohI  hi  Imtli'nf *mI  pnlm,  will  (inivent 
W'Hini  lo  I  him  If  hnpiii'l.  imi'MMii'lci',  (p)  In  feet,  |n 
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»*iiiiilillciml  iii'iifHililllly  In  iiwi'd  In  u  nookiiiI 
I'l'jini'l  *  In  II  ml  l  In*  local  Inn  iif  Huh  niii'I'imm<  which 
""llld  «*'«•  Hi*'  Krimli'Ml  iniiini l>l lily  of  dmmigo  If  it 
wm'c  |<onnIIiIc  In  iIchIkii  ii  fnm*  wit  It  Mini  I  mini  niiH'ium., 
I‘ rmo  1  IiIn  iiiiili'i'htl  mill  Irmn  it'i'nrdN  of  nelniil  luxi' 
pi'rl'iimmiiec,  In  h  llilnl  I'l'iioi'l  *  I  lie  rlNk  in  |lm  liomlii'i' 

frillll  |(  I'lll'kcl  Hit'll  f  I't  tut  lINloni  W|IN  I'l  III  If  II 1 1  |*l  I  III 

I  whin  iif  tlm  iii'i'iii'iii'v  iif  aim  of  iln>  . 

« i. i.rt  (!mii|)urlMmi  of  iHIIVmii 
I'mjci'illcM 

AMI’  Hlmly  'J7  i'oii 1 1 in it'N  l lie  I'lTi'ellveiioNM  of  ft.|n, 
hlgh-r\p|iM|ve  nIii'II,  rt.|n,  n|ii-ii|iiii'I  (fmlli  with  llnii' 
fmii'N),  Ill-linn  mill  'ill  mm  UK  { hoi  Ii  with  i'imlni'1 

fttiioM).  Tim  coiiifititiit Iiiiim  with  Him*  fimiiN  uit<  . . . 

In  molt'  nr  I i’mn  Iho  wny  ili'NCiil ii <i I  In  Hi>i>t Inn  f  | ,;|, 
Iml  lln  oilier  I,v|ion  of  fiixi<N  iini<  nun lllli'il  prni'odiircN 
n|i|iro|irlnli'  lo  i lielr  nIii'II  ly|n*a," » 

A  m|i I'll | tlli'l  wilt'll  ill'll  Noinew  Inn  like  ii  Hying  nIioI- 
8011  i  "  lien  Hie  film*  ileloiniti'N  Hie  Nlieli,  ii  niuiilier  of 
Nplieiieiil  IhiIIh  nre  ptialieil  mil  of  the  nIicII  i'hno  mill 
Imvi'l  I'orvvmti  in  I  lit*  imlli  Hie  mIioII  w  int  following, 
iMiinI.  nl  I  heir  w) lei 'i  1  i'iiiiii'n  frnni  Hie  rfimihihig  ve- 
loelly  of  I  jin  fill'll  Iml,  limit'  |m  Nome  Hi'iilfering, 
Hioee  I  he  I  ml  In  nre  n  Komi  IiiiIIIkHc  nIiiiiik  nmi  cnm- 
pnmMvely  lienvy,  Mmy  reluln  their  elToctlvonoMM  nl 
tmtnh  Kieuler  illatiuieew  from  I  in*  IiiiinI  limn  i|o  onml 


of  the  jugged  I'nigiitonlN  from  Hie  hni'Nl  of  n  high- 
exjihiHive  wlioll.  The  etiinlllloiiiil  |i|t<linhll||y  fimeliim 
lor  ii  Nhrii|mel  wliell  In  iieiti  exeepl  in  ii  imritav  eniie 
( ol  iifH'i't  lire  ft*  or  NO)  Itltotil  the  nitwn  of  the  Noel  I, 
TMn  niuki'N  Hie  eoiii|inliiliim  for  it  whrit|>in<|  wliell 
Nlmpler  I hmi  for  it  hlgh-cNpliiMlve  nIii'II  where  nnwl, 
of  the  I'riigmenlN  eonie  mil.  In  n  whle  Nprny  NOinewImt 
lonvmtl  of  Hie  wliell  ci|intlor, 

The  I'liiiipntiilloiiM  for  eonlnel-filiieil  |(itijeel  Hew  me 
wiiu|tilll«'tl  from  llioNe  of  proximity  ft  ikon  on  we  HU* 
ciiwwiM |  lien r  Hie  eml  of  Heellon  1 1 .fl.il,  Thiwe  iiremt 
ol  llm  tmgcl  \  i ill ii'iii I iit<  to  tln<  pnrHeiiliirmiimiinlHon 
lielmt  ilNitl  me  projected  on  the  ,r,//  plmie,  giving  mi 
itriti  I  Then  lor  n  hit  m  oiieli  viiliiemiile  region,  Hie 
pi'olnilillliy  of  ilmniige  from  n  hit  In  Hml  region  In 
onI  Inniletl  mid  the  Una  I  rlwk  enmpiilnd  from  n  dntilile 
Inlegi'iil 

I' m  j / /'*(-** d/)pCr,w)f/,rtf// 

7 

"here  r,//)  doNiwllioN  the  prolnilile  ileiiNlty  of  Im- 
jfi'lt tt'lt'w  In  the  ,1',//  plmie  mid  P (,!-,//)  In  Hie  ilwk  I'roiri 
u  Nliell  mi  Hie  Inijeelnry  piiNNlng  through  ,r,y,  The 
iieliml  ''oiiipiilnlliin  if  done  liy  dividing  Hie  Inrgel, 
men  I '  Info  wei'f  litnw  on  whleii  /nimi  b'  nre  pmellenlly 
eoiiNlmil,  eoinpiiHng  the  f'lwk  for  eneii  Noethm  Nepn- 
mtcly,  nmi  Ninnmlng, 

( 'oinpmiNKii  III'  Hie  |, wo  fi-lit,  projentilett  In  <mm> 
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piHi'il  with  tiro  t’ulri 1 1 ut  Ion  of  I  lid  prolmblllly  of 
<!rttnri|fU  H’ltll  ll  nhl|{l«'  llllllt  III'  UlM'll  kind .  Til  IMltlt)  Ml  IT 
nffnnl  ivnilUNN  ill'  tlm  otlmr  ty|M*H  ill'  prnJnntHnN  III 
Ktii|i|»lim  mi  nttnck,  ot.lmr  fun  torn,  hiii'Ii  n*  tin*  min 
nf  Hit  mill  tin*  rminu  ii!  which  ulTuullvn  lli'n  nun  lm 
begun,  iiiIinI  iiIhii  lin  1'iiiihIiIi'I'imI. 


Amiflii'i'  Minify  *  In  coueurtinil  with  |.| in  jttmtwnMo  In 
rl«k  In  h  higlHiltituiin  Iiiiiiilnir  dim  to  inumwo  In  t ho 
Inrijtlii  of  It h  liomlilrtK  run.  For  viu'Iiiiih  Icngtfm  of 
bombing  i'imin  tlm  rink  from  liotli  fighter  ulirmft  mill 
AA  giimi  Ih  ci iiih|i Inri'i I,  Thin  Minify  vviw  motl vmIimJ  hy 
llin  hiikkuhHom  I  lint  id roml'f  dropping  guldnd  mlwiilnN 
•■light  nni'il  to  I'oiiMiini'  In  Mlciuly  Nl,mlglit>llno  (light 


i  on  in  l.s  |  mti  ci  I  iniiiil  i«*r  nf  liti*  mi  "mi<|i  »<  |ii«t  cm 

fmtl  nf  1  ii l M<' I  mi'll  imwiili'il  in  | In  umi  n»  ii  fiiiii  iliiii 
nf  llii'  I'ltiitfi1  ill  ^  liii'li  llii'  i'iimhmi'  iihii  I  i'll  mi**  7  7-itiui 
KHM  Iti  lnu  IIHI  •  lmi»  pm'  mill ||||> I  H|imuii|t  iinmr  m  7, /inn 

Mi  i  Mini -I  vuliii'ily  'JA0  f|c>]  it  l*  i  lir  *  i  it  i  it  |n  ii  |  ill.  vini  inn 
nf  i  Ii"  Imlli'i  | in 1 1 1 1  n, 


mil  II  tlm  ihInhIIi!  Nlnmk,  IiinIi'ikI  of  beginning  nvin*lvn 
net  Ion  Innnndlnlnly  on  mlmmlng  IniniliM, 

Another  Hinily  nonijiiimN  llin  expected  iniinltnr  nf 
IiIIh  |inr  Hitniim  foul  of  target  for  four  dllJ'emnt  unto* 
mill lo  tton|iniiHi  7,7  nun,  1,1.2  nun,  81)  nno,  hiiiI  III 
nun.  Till*  n\|iucli’il  till  ilniiHlty  I*  given  on  u  nnnilior 
of  cliiiiiN  In  llm  1'i'iiorl  "  In  Iuiiiin  of  tlm  ruin  of  flrn, 
llin  riinge  ill  whirl!  Ilrn  In  begun  ii  In  I  nIii|>|iui|,  tlm 
tnrgct  N|in<!(|,  'mil  llm  iini'iimny  of  Ilrn  hiNNimilng  n* 
miiNlnnl  migulnr  iIIn|iui'hIoii  nl  nil  rnligeN),  Hut'll  u 
nlmrl  In  reproduced  linrn  iih  I'lgum  12, 

A  Inlnr  report  “  noi<i|iiiii'N  llu<  nlTnnllvnnnNN  of  llin 
211-mni  khii,  oin*  cxMlng  in/tiblim  » mi  (milliter  DAD), 
Mini  onn  jtinjni'lnl  new  nnu'lilnn  kiiii  (I'lilllmr  I), ill)) 
Ini'  IiimIiiIIui Ion  In  util Inli'i'mft  tnrrctN.  Tlm  com- 
I  in  »*Imi  in  In  niniln  In  tni'Hin  of  llm  uni'imii'y  of  llm  guim, 
llm  i'ii In*  nf  llin,  mill  llm  rnliiilvr  effect  Ivciichh  of  tlm 
Imiii  liiiml  projectile*,  s  ‘onijnii'iNiin  of  llm  milinorO.ftO 
ami  llm  2D  nun  on  vid'Iiiiih  Iimncn  In  I'ctiNimitlily  rell- 
oi»lo,  lint  ilrn  i'oi«|im'lNiin  In  i (iilto  NniiNillvn  lo  llm 
iiiTiii’io'y  of  llm  Involvntl,  no  uonnlnMliiHN  In vol vIdk 
llm  in  III  ii’i'  D.lM)  (ivllli  lin  unknown  iiecimicy)  urn 
Nonmwliiil  mom  imilnllvn, 

\  ii 'i 'nn  I  nIiiiI.v1 ll"  nNlInmli'N  llm  vitltiotit  I  ill  I  tv  of 
different  1*111*1  m  of  ii  vi'i'.v  linnv, v  liomlmr  (H-2D)  from 
different  1 1 1 1'ni't  Ioiin  mnl  i  lllTnii'iii  mumunltliiu  t  y|  h<m 
(miniir-iili'inlnn,  Inccndliiiy,  lilgli-oxpliiNlvc,  mnl 
ml \ci I )  Tlm  n mill ii'i'N  given  In  tlm  IiiIiIcn  minim! 
lm  iini'i)  illrni'tly  for  otlmr  ly|mN  of  project  lie* 
or  for  I'rtiKini'iitN  I'i'oin  n  linn  vy  AA  nIihII,  I  ml  urn 
Inillmitlvc  nl  tlm  mlullvn  viilimrnlilllty  of  llm 
illlTi'iniil  | dirt m  of  ilm  H-2II,  Tuliln  !f,  reproduced 
Irino  iIiIn  ri'iiort,1"  nIiiiwn  Niimn  of  IIicnc  vulimru- 


I  lm  i'iii'IIcnI  AMP  hIimI.v  nl  ihk  iIciiIh  wllli  u  ,||- 
mi'lly  H|)|1I'I mi'liltiK  nlmrnfl  mnl  mitonintli'  \m<h|iiiiin 

ll  In  iinhii mnil  I Itiil  llm  nIiiiIn  Imvn  n  iinriuiii  iIImI i-|Iiu- 
t  ton  it  I « in  t  tlmlr  niimn  |n  >lnt  of  Impiict  mnl  tluii  llm 
Mii'ii ti  point  of  Inipni't  Iiiin ii  iinrmul  iIImIi'IImiI inn  nlioiil 
tlm  target  nnntnr,  Tlm  m|mrt 1  glvcN  tlm  pri >1  n*ldu 
nunilinr  of  IiIIn  mnl  iftili'k  nmmiN  of  cNtlinutlug  ti|ipnr 
mnl  lownr  IioiiihIn  fur  tlm  number  of  IiIIh  In  turniN  of 
tlm  pruNcnlml  nIiiiiiu  of  tlm  target  mnl  tlm  Htuudurd 
ilnvintloiiH  of  tliuNn  (liiiiNNlun  t IImI HI utt ionm, 


Milt  i  unIIiiiiiIun, 

Tlm  IuIunI  mi  inly  ImmiiiK  on  uiiiullllonnl  prnlm* 
I'lllly  uiiniimri'N  llirnn  different  lypCN  of  IioiuIin,  Fur 
nimli  Imnili  llm  niiH'iiuum  urn  given  on  which  tlm 
pt'oliuhllli.v  In  dp  in'  ||, ft  nf  dcNtroylug  n  liiiml inr 
f'ln-HH)  liy  n  I  in  rut  of  n  given  Imnili  mi  I  lull  Miirfimn, 
t  'luimuInrlNtli'H  of  tlm  IhiiiiIin  wnru  tiiknn  frnin 
vitrlmiN  TDIIH  rnporlN  (IhniioiI  hy  llm  Clilnf  of  ()n|- 
uiomn);  vulnerability  nl mine I nHutloN  of  tlm  target 
wnru  thoHU  mmil  In  AMP  Hlndy  21  (ilnNnrlliuil  In 
Hunt  Ion  1 1 ,1, ft), 


CONFIDKNTIAh 


ACI'IdCIATIONN  UV  FHAOMISINTATION 


iso 


X  Viilmmthlllty  of  II  -ail  in  fi*liinr  nitnnk,  liy  miiiiiikhmiiiIm  ultiink  from  dlrndly  nltond 


Til  l  1 :  liT-TMTiKlffWiflili  iV  P‘ 

)’!i|iilvidnnl  lellml  nrnn 

(Ml|  ft  ) 

..  _ _ 

('iiii|Niriillvn  ilNiim*" 

iiMkiimiitil  iiiii  ■  1 1 i  nia  I  In 

t'iiin|M>iM*nt 

T,v|sn  nf  rliiMiit*)' 

7,7  min 

ta,7 

mm 

3<t  nun 

nojuircu  hi 

(iruvnid,  (iImiim  fnuu 
rnliirnlu*  In  li*m> 

AC 

1 

Al* 

1 

AIM 

Ill'll 

f  'niiitn tllimmllu  Irlhnl 

Hum  (mik* 

I’liu 

(l 

u.n 

ll.lt 

31,4 

35,8 

51,4 

l''UMf'lll((" 

Mci'Iiiiim  nr  Id  tint  wound  In  hath 

|itlnt  mid  di-|illiii 

II 

it 

U 

<• 

1) 

<1.11 

Cmulilimnlhj  Mhnl 

Mncli  Iniiiiiinl  i'iikIii" 

Klt*lll|l  Ml  11)11111*1' 

III 

5,5 

13,7 

11,4 

111,8 

15,1 

AnmiicIiiIi'iI  hum  limki 

U'likiiKK  Miilili'lciil  In  m|h|i  ni 

Twn  mil  nf  four 

diKlni'j  nu  Urn 

II 

II 

H II 

(1 

5,:t 

4,5 

niiKliii'M  iiiuiiI  Im* 

l'Mildnc  |iIiim  hum  InnkM 

Ku*liic  mI i i|i| nt*n ;  nn  Him 

III 

5,5 

llfil 

11.4 

33, 1 

Ill.tl 

Mln|i|wdi  Imlml 

I'incli  i >nl  1 H nidi  I'liKini' 

khKlnn  Mlu|iim«i' 

n,  1 

5,5 

13,7 

11,4 

111,8 

15,1 

hit  iiii  i'iikmim  nr 

Ammiii'IiiIhiI  *im  t n uk« 

lM'iikit*n  hii II li'li' ill  lii  mI n|i  me 

iimmui'IhIi'iI  fuel 

Kliu'l  iiii  Urn 

II 

II 

115 

tl 

4.(1 

4,11 

InnkM  MiiUldmit, 

i, 11*1111*  fllllM  *1  In  1  llllkx 

Ki:*lun  Mtii|i|Hi*n)  iiii  Urn 

If  I 

5,5 

m,a 

11.4 

31.4 

111,1 

In  mi i i|i  nu*lun 

t''UM|'lll*C 

Ctlllt  (Millin'  fur  €*ll-|l|llll  ) 

SniiniiM  nr  Ini  lull  wound;  nil, nr 

Until  (illnl  mill  i'll* 

(illnl  lint  tlii'H|iiinillili'd 

1,5 

1,5 

3,5 

3,1) 

3,5 

Ill.tl 

(illnl  iikimI  Im  lie 

i'ii|ini'ltnlnd 

Kill'll  Ilf  IWII  MI'IM  Ilf  I'tll- 

vni nr  ciiiiiriifM 

Ki'Vi'ilu*  of  i'ii  1, In* 

1)  (1 

II II 

II.N 

II  N 

13 

33 

Klnviiinr  niiiilrulM 

i'iiiii|ili'li'ly  iliiptl- 

I'nlnil;  (ml li  mi'Im 

lli'xl  uf  fi'iiiilnl  mi'll 

inilMt  Im  Mi'Vnind 

Nut  viilonrnliln 

Total  (iIhiic  from  In  ltd  mi 

l ’ii*""*'Ht(«ii»iilly  Inlim! 

(1 

im 

III) 

31.4 

35,8 

58.11 

1  'iniilll  IniiiiUy  Id  lint 

'JN.II 

a, -in 

733 

513 

III  4 

II  II.N 

1  timid  Tel  ill 

JN, n 

;n. n 

7N,a 

73,11 

1311,3 

177  N 

11.5  APPLICATION!*  OP  PNAOMKNTATION 
\!NI»  l»\MA<;P  CAMII'LATIONM  TO 
II.VK  ANALYSIS 

I’l'ilKIlieiiliil  Inn  mill  dliimiKC  mIihIIcm  Involve  n  Kl'i'iil 
i li’ii I  nl'  ledliiUN  i'«iiii|>iiIiiI Inn  mill,  ln>in,i',  me  iiwlinllv 
mil  Iim'I  II  ki’11  iiiily  fni'  Millin'  hi  'i'll  him  ri'iiMi  hi  Tin'  |inili- 
Ii'Iiim  lluil  mIiiiiiIiI  lie  Middled  hit  iiiImciI  liy  Iwn  i'Iiimmcm 
nl'  |ii'ii|i|i'i  thi'  mIiiiiiIitm  h i h I  l.|ii<  iIihIki'I'm.  The  IiI'iimiI 
i|IH'mI|iiiim  hi‘i<  tlii'Mc: 

I.  Wliiil  i'ii n  In'  linin'  In  khii,  mIii'II,  ni'  illi'i'i'lur  In 
liii|ii'nvi'  flic  I'fTi'i'llvi'iii'MH  nl'  AA  khhm?  Nimlher 
r<H'iniiliil  Inti  iif  HiIm  i|iii'Mtliiii  mi  n  ill  I  he:  Wind  i'Iiiiiikc 
In  elf  eel  I  vi'Ih'mm  will  itmiiIi  If  Mimic  |U'ii|iiimciI  i'Iiiiiikc 
III  AA  ci|iil|iinciil  mill  liiclli'H  Im  iiiihIc?  TIic  iIccImIiiii 
In  imnlni'c  iii'iivlinlly  fnucM  rei|iilred  miiiuc  mi  nl  of 
HllMWcr  In  Mill'll  n  i|IIcmI|ihi  iiihI  led  In  I  lie  mIiiiIIcm 
ImmiiihI  iim  OHHI)  Hi'|ini't  Nu.  7HN,1"  mid  AMI'  Nulc 
Nn,  10,'" 

'2  Wind  enn  lie  linin'  liy  i>i|iil|>iiiciif  mid  InctlcM  In 
reduce  (lie  efTi'cl  Ivciicmm  nl'  n  given  AA  dcfciiMc  which 
cut  nn  if  lie  avoided? 


The  iniiiiiinl  Fink  .1  iki///*i'«  111  mid  the  i'i'|inil  AMI’ 
IMA, III  11  were  innllviiled  liy  IIiIm  In  1 1  it  i|HCMi  lull, 
Niilnnilly,  the  wlinle  |irolileiu  nf  etTccI Ivciicmm  nf 
In  mil  liiiK  n|«'i’i<  I  h  him  Im  mure  limn  n  |irnlilein  nf  re* 
dneliiK  Iiimmcm,  It  Im  iiii  llilrlenle  |n'nlilen\  nf  IiiiIiiiicIiik 
IiiihiIiIiik  I'cmiiIIm  iikhIiimI  Iiimmcm  fi'nili  link,  IIkIiIi’I'm,  mill 
<i|ii'i'iil hilud  dlllleiill  Icm, 

The  pi lnci|inl  iiit'l IhhIh  nf  rcdncliiK  t In’  Infill  rink 
I'rui H  AA  lire  limy  he  rmiKhly  cIiimmIIIciI  mm  I'iiIIiiwm! 

I,  MliilinlxiiiK  the  ininilier  nf  h|ic||m  11  ceil  |ier  lininher 
hy 

(il)  Itcdnelliu  Hie  lime  nf  c\|iiiMlll'e  In  AA  lire 
iIii’iiiikIi  IncreiiMi'd  Ki'iminl  h|ici>i I,  ri'iliiccd  linnih* 
Iiik  I'iiiim,  mid  ciirefiilly  nlmnied  ii|i|irniich  mid 
wlflidrnwiil 

(In  AlliickliiK  AA  hnllerlcM  In  mkniice  nf  in  mil  i- 
IliK  iiiImmIhiim, 

(cl  Deviling  I'i iriniil Iiiiim  mid  |i|iiiiiiIiik  the  M|mclng 
lielwceii  fnrimitlniiM  mh  l Inti  fewer  AA  giltm,  ii- 
tlniniiy  mid  innhllc,  per  nllin'klliK  I'lmie  cun  lie 
clYeellvi'ly  liroiigld  llilu  net  loti. 

*2,  I  Jceri'iming  the  imml >i*i'  nf  ulrcml'f  reiiulred  for 


CONPIDKNTIAI. 


MM)  TlfK  It  INK  TO  AlHdMrr  KHWW  »IIOII-K\I*I.OSI  VK  IWUKDTII.KS 


hnnihliiKiidiickM  Ity  (tit  InereuMC  lit  Immliihg  efficiency, 
NiiD'  that  (lik  mi|$lit  Involve  timlleiil  recommenihi* 
IIoiim  nt  viirlnimc  with  other  iiM'iituilH  (if  mincing; 
link  rl-k,  A  jmllcimiN  ImhmcliiK  of  I'ltiillhM Iiik  |nin- 
elplcn  Im  imwl  hnpiu'linil, 

Hcihmiiig  rink  id'  dumugc  per  nlrrmft  |M»r  mIicII  Ity 
(u)  iMciwnri'w  Intended  In  dccreiiHo  1  In*  ncenruey 
nf  AA  flii>  (eviwlve  IlylliKi  tsl^iit  iitluekM,  high  nil I- 
Inden,  miiln  I'Hiinli'i'iiHMimii'i'H,  utluckN  on  AA 
Imiii'iitw), 

(li)  Imiimvi'itit'iilN  In  limiilmrih’Mlgn  (dlHlrilmtinu 
of  viilimmlilr  |imi'Ih,  pmlerllve  mIiIcMIii#,  cli’,1, 

l'’ruKiimiilMllnn  it  to  i  ditniiiKc  ndi'iiliilioiiN  do  mil 
ii|i|ii’iii'  directly  In  ninny  of  iIicmc  cniii'lilcmtloUM,  I  tut 
nil  of  llio  ini’iiHtii'ON  tnti'in tml  in  i>i'diuii'  llm  ii<*cm,in,y 
of  I’lmniy  llri'  Inlliii'iici’  llm  vnliii'H  of  tiny  pm'imieieiN 
iikoiI  In  llm  enli'iilnlloiiH,  llomr  In  i*ny  Mimli  coio|ni- 
IntldiiN  |i  |m  iii'i'onmiii'v  in  know  llm  I'lrriiMiMliiimoh  lor 
nidi'll  dll'  ('<  II 1 1 1 II 1 1 II 1 1  •  III  M  |||'|<  In  III’  Hindi'  I  il'l  Him  iI|m- 
i’IInh  Minim  niMi’M  u  lion  iIicmc  i'iiiii|iiiIhIIiiiin  hit  iimH'iiI 
In  I’iii'iiInIiIiik  liiiMie  hil'nrimdiim. 

1 1, it.  I  Flak  Churl* 

To  lind  llm  mhI'vmI  diivrllun  of  nppi'oneh  mid  nllli* 
di'iiwn!  fioni  ii  gim-dcfcnded  Inrget  ret  p  tire*  moiiio 
nmiiMiiiv  of  llm  loinl  rUk  iiiviimiiliiii'd  liy  n  group  of 
nliiTiili  during  I(m  iiiii  over  dm  nirgcl  ni'vn.  T’litw  re* 

1 1 1 1 1 ri'M  ii  iimnii*  of  cMlImiidiiK  llm  rink  on  eneli  nlioi 
nl’d  llm  prnlnililc  rnlv  of  lltv,  mid  uceinmilidlog  dm 
rink  along  dm  given  linnili-rini 

|',ni’  ii  Mingle  ii i ii1  rn ft  ill  dm  point  of  ii i hi,  llm  |i|oli- 
idilllly  /*,.  nf  i illinium  III  I  hid.  idliTiifl  I'lili  Im  rom|nili’d 
liy  iimniiM  of  dm  foiioiiliiM  of  Hi’cllon  1 1  it  In  niiy 
limlii’id  nil  im  lion  n  Imri'  llm  iieciirimv  ol  llm  Im  known, 
If  llm  ili‘|miidi’imi’  of  imi’iinmy  on  nIioiI  mutt's  nil! 
Iinlo,  niidollmr  vhi'ImIiIi'm i’iiii  Imdclermlimd,  limn  il  Im 
|iomnIIi|i<  lo  i'iini|inli'  /'  lor  n  given  Inrget  nimmfl  in 
h’l'iiiM  of  Iim  iiomIiIoii  ivlnllvv  In  llm  gun  f  rom  llm 
pnili  of  dm  Inrgei  mill  llm  lull'  of  llm  of  llm  gnu,  Il  Im 
limn  jioMMli ilo  lo  lind  dm  |ii* d »iil<l<'  limnllon  of  miic- 
i’I'MmIvi1  | ioIii I n  of  iiIiii  nlniitt  llmi  |intli,  Mild  i'oiu|nilo 
llm  link  for  i'iii'Ii  mIioI  from  IIm  piiMlIlim,  TIivii  llm  mini 
of  I Iicno  rink h  ttlvi'M  llm  (olid  rl**k  for  llm  i’iiiiimo, 

If  II  Im  i i mhi i lin’d  llmi  llm  ri«k  Im  imttllttlliii'  e\eo|it  on 
dm  Im miii  ii i n ,  llm  <m<im|hi) i< f iiMi  i'iio  Im  Nimplllled 
Miinmnlml  mid  llm  ivmiiIIm  mIiowii  on  rlinrle  h’lillt'd 
link  i’IiiiiIm)  which  cult  Im  iimi'iI  lo  (’0111111111’  I'niily 
rn|ildl,v  dm  rinkH  from  n  given  gnu  del'emm,  Dim 
I’linlt  Im  lo  Im  Hindi’  for  eneli  of  11  Melei’llnn  of  nil l- 
fiidi’M,  Miiy  every  ft, IKK)  ff, 


1,  foi'  it  ml  veil  nllll  ndi'  nnd  gun  drnw  n  circle 
wlman  rndliiM  in  the  fniHumilnl  range  within  which 
the  given  ten  11  enti  lire  kIicIIm  fo  the  von  nllll, miff. 

2,  A  innnhei'  of  innnllel  ernwdtig  cour*e«,  my  nf 
InlemilM  of  AIM)  or  1,01)0  yd,  hit  drawn  tierowi  tlil« 
eli'i’lej  eneli  of  IIicmc  i'oiii’mi'm  Im  divided  Into  hilervnlN 
of  Nome  eoiiveideiit  length,  nay  /*  yiuil*. 

d.  f'i'iiiii  (lie  M|ieed  of  the  ulremft,  I  he  lime  be¬ 
tween  hIioIm,  mid  the  dinc-uMllght  curvea  I'ol'  the 
given  (ciiii ,  llm  expected  niiinlmr  of  luiralM  In  enelt 
Inlet  vii I  i’ii  11  lie  I'niiijililed,  The  foi'imilil  Im 


expected  immlter  of  IiiiimIm 


av 

II 


where  /,  Im  the  Iciiglh  of  the  hilervnli 

11  Im  llm  nnmlier  of  nccouiIm  between  mIiiiIh; 

I)  Im  llm  dUlnime  the  nirernfl  D'livt'lw  In  n  nee* 
iiiiiIm  ( />  i< nil  /.  neiMl  i ml h  he  nmiiMiired  III 
Ihe  Minim  imiiM); 

A  7'  Im  dm  lime  of  Might  (In  mcimiuiIm)  of  die  Mliell 
from  llm  ttnn  lo  llm  beginning  |iolnl  of  die 
hilervnl  ininiiM  dm  time  of  lllglil  lo  the  end 
1 11  id  1 1  of  llm  Iniervnl 

Hlni'e  die  dlMlnime  l)  in  Ihe  fnrnmln  U  refill'd  hi  dm 
Mjieed  e  of  llm  nlrcmfl  liy  the  ei|iinllon  I)  *•  tin,  we 
nee  llmi  wlmii  I,  in •  in  large  i'oin|mh’d  with  a7'/ii ■ 
l.e  ,  when  (lie  nirernfl  Im  not  traveling  loo  rn|ildly  mo 
/,  i’  Im  In  rite  eoinpiired  with  A'/',  Ihe  Iu'mI  teem  i'on- 
hilmh'M  iiiomI  hi  the  expeeled  niiinlier  of  mIioIm  in  lln< 
Iniervnl  mid  llmi  nimiiier  of  mIioIh  Im,  l.heeel'ore,  np* 
proxlmnlely  InveiMoly  proporl loind  lo  Ihe  npeed  A 
link  I’lnirl  Im  driiwn  lor  wime  lixed  npei'd  nml  the 
vnlm'M  of  1  lie  rlMkM  eoin|inled  for  II  nre  I  lien  eorrei’l ed 
lor  Inm  Npeed  liy  mnldplyhiK  liy  the  111  Ilo 

. . I  iiMi’d  in  i'imimI  nml  Inn  link  ehnrln 

line  Ki'oimd  Npeed 

TIiIn  eorreellon  |m  mil  preelMe  for  Inrite  ehnniteM  of 
Mpeed  duo,  for  I'Miluple,  lo  IlHhiilpIl  willtl**  ill  the 
1 11  I'm 'I 

I,  The  iiveniite  |trolnililllly  of  dnimiKe  hi  the  nlr- 
ernfl  from  11  luiivt  In  eneli  Inlemil  Im  eMlhmded  liy 
enleuliillng  /'„  id  ihe  center  of  die  Iniervnl 

ft,  The  infill  link  In  die  entire  Iniervnl  Im  the 
product  of  the  expected  nnml'cr  of  Iiiii'mIm  I'hiicm  die 
nveniKe  rkk  per  lini'Mt , 

II,  Them'  t'lnkiM  nre  neeimmlnh’d  iiIoiik  eneli  criWM* 
Iiik  emii'Me  hi  mIiow  how  dm  lolul  link  from  dm  Kim 
limreiiMCM  iim  die  nlrernft  HIcm  iiIoiik  I  hid  pni't  of  the 
1’1'ommIiik  ennrnc  within  riniKe  nf  the  Kim, 

7,  ( kiidoiir  eiii've«  for  IIiIm  rink  nre  ilrnwn  to  emu* 


t’UNKlDKNTlAli 


Al'l'MCVriU**  t»|>'  WtAUMKimTIOiV 


m 


!«<)[««■ 


11  f'"  <!  "*»'«»•  mImimII  'll  nil  II  inl<  N.INHI  wild-  mill  khiiimiI  n|«‘iil  Jn;l  null'.  (..<  hum  mid'  i  wivl.'. 

i r  "m V11'1'  1 . . . . .  I* . .  Id"  III  III"  ml"  nf  I'J  n >1)111 1>  |>"|  IIIIIIMIK  Til"  mm  „f  ||.|,  I. 

III"  rlxk  In  II  .iiikIi  nil  "I  ii  fi  Ml  N.IKHI  Wild-  idllllld"  Mild  Iii.ihhi  wild-  -IiiiiI  III  mi. 


|ili*l  i*  I  lie  link  "hurl,  rim  in  in  tl  ii  'i  mi  I'lmli  ii  id  1 1  mi' 
mirvi'  ri'iii'i'i.i'iilH  I Im  rink  (In  mimmc  i'niivriili<iil  unit h i 
•Ini'  I"  IlylllK  lllliHK  II  iTiimmIiik  1'IIIII'MI'  III  llm  nhcii 
«llr*M»l  inn  III  lllultl  III*  In  llml  "imlnm  "iirv",  I'Ikiiii. 
Id  mIiiiivh  ii  link  "Imrl  | ni<| in nn I  In  ||>l*  wiiv  (rum  llm 
viiIiii,h  nl  /'i  kIvimi  Iii  AMP  i'i'|n til  IMA  I II  11  Tim  kmh 
Im  hmmiiiiii'iI  Hi  Im  ||m  II, H  IMI-iinn  AA  riiii  IlihiK  Hum. 
fil*i'*l  hIh'IIm  Till1  IhmkIIiiu  "wrvhm  nmnlll Imiih"  Hi>- 
Hie  mIiiiiiIhiiI  nl'  iimimey  mmil,  Tim  I'miiM 
nliniK  iiihI  iti'niMM  llm  li'nji'i'lnry  nn*  rIvi'U  iim  I'liunt  Ii  him 
tif  Hldiit  miijEi'liy  Tulili'  I  uf  Hni'tlmi  11,1,1  Tim  null, 


ill  link  Im  llm  Willi"  "nii\|ii|(i'(|  Ini'  /',>  linilrl  mi’I'vIi'" 
rninlll  Iniin  nl  111,111111  y,|  mIiimI  imiiK"  m  hi  I  M.lltlll  yi| 
nil  ll  in  I**.  I'  nr  inni  c  1 1< •  1 1 1 1  |m>  i  < •!  < -n <i  i < -i '  1 1 

’I'n  iim"  n  link  "IiiiiI  In  mi'Ici'I  llm  miiIi'mI  "iuii'i*"  Inr  n 
lininlihiK  run,  llm  clinrl  In  mmi<i|  wlih  ii  iinip  iliinvii  Hi 
llm  Millin'  will"  nIhiu  Iiiu  llm  lni'K"l  In  Im  Iminlmi!  mnl 
III"  I  mi  1 1  niii'N  ilcl'i'inlliiK  ll  Tli"  link  "hull  llw'lf  Im 
mini"  mi  n  li'iiiiM|mi‘i'iii  Him  *n  llml  llm  iini|i  cim  Im 
•'•'ml  liimmili  It  I'ni'  niiy  prnpnwil  IiiiiiiI'Iiir  mu, 
ill'"" n  mi  llm  iiiiiii,  Hi"  i'"iH"i'  nl'  I  Im  link  i<lmrt  In  Mid 
nil  "imli  liiHH'ry  in  Him  with  llir  i||i""1hilt  nl'  IIIrIiI 


(’ONKIDKNTIAh 
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imthwh  puintltig  idling  Mm  liumhlng  run.  Tin*  rlak  id 
Mm  t^lfinrsifliC  iif  i!ii>  run  la  Hilhfnirind  mini  Mud.  ill 
the  nnd  (Mipmi  nro  mul  from  Mm  rnidunr*  of  I, Im  link 
clmrt)  and  thin  dlfinrunuu  miih IplUn]  hy  Mm  iiiimlmr 
of  Klimt  In  din  lull  lory  In  glvn  the  rink  In  llm  alrurnfl. 
mi  Hint  run  from  I  hid  hnl  lnry,  Tim  pruunaa  In  n>* 
|>nntnil  for  nil  Min  hnMnrlua  dnfnndliiK  I  hr  lurgi't  mid 
tlin  Vllluna  from  nil  hntlni'lna  uddud  tugi'tlmr.  Tim 
rum  ill  It  ntulfipllnd  liy  llinuorrrnllnii  factor  for  ground 
apood  lo  uni  I  ho  rink  for  Mud  hnmhiitg  rim.  (  A  it'¬ 
ll  uni  nun  I  of  t IiIk  lnrlud(|iin  cat  Inin  tea  llm  pnalHnu  of 
Ural  nuuiiridn  loirnt  mid  liana  Mini  point  iiiatnnd  of  llm 
Imglntdng  of  llm  huioh  mu  in  ront|iullii|t  llm  rlak,) 
Fully  dulnllud  t>\|>laiin I  Ion  mill  hi*  found  in  n  rufnr- 
uiiru  ropurl,'* 


Klilt  IlK  II  Hrliillvr  till  i'»|H'i  lnm't  ip  ii  f lllti'l fun 
p|  llic  ililprlliili  of  nllark. 


Tim  1<H111<1<IU1I  tv  I  nd  ovnr  lltu  target  Ima  two  nlTnuta 
on  llm  uoiu|iiilitMolt;  Ii  ninvua  llm  houih  i«Iuiihu  | tuliit 
mill  uluuigna  llm  apnod  mi  I Ind  llm  Imuililug  run  on  11 
Khun  tnrgot  tvllli  tvlinl  In  In  it  dllTnrntii  1 11  ml  lion  mid 
nf  illffnruitl  luiigtli  (on  lltt<  m’niind)  1I11111  II  tumid  Im 
ttlllintil  tvlnd,  llunuit  tlx*  ft  >11  i(«iil  11 1  ton  ttllli  "hid 
liana  11  tlUTurnnl  ItnuihliiK  run  iiiul  uuiTuut*  hy  u  < I II- 
fnrnnl  apnnil  hmlnriit  llit'i'iiil  of  llm  pruunaa  lltiiu  llm 
i'itni|iuiiiiliiii  «ll limit  tvlinl.  Tim  gniiurnl  nlTnut  ia  Mud 
llm  Inurnnan  of  apund  from  going  downwind  Inin  u 
tvi'll-hiiliiiiund  AA  dofnuau  tiiakua  ll  iinmli  anfcr  llum 
going  ii|itvlud  Inin  Mm  aiunn  iIuIuunu;  If  Mm  tvlinl 
aponil  I*  IiIkIi,  llm  tvlnd  illrnutloii  lit  nl'tun  Mm  mual 
Importuut  fimlnr  In  dolorinlulng  Ihn  anl'oat,  ruutn  lido 
mill  nut  of  llm  target  itrnii. 


'1'IiIm  eoinpiitntlon  in  |inrformutl  for  unuli  of  a  limit* 
Imr  nf  tilriM'llmiM  from  tint  target,  mk,v  nvury  30®,  and 
lliu  rlaka  for  ItnmhltiK  rutia  from  tlmao  dlrnuMima  are 
diapluyed  graphically  In  aonm  iiimumr  lo  alum  anfoat 
it  nil  ft  In  mid  mil.  Two  aumple  mulhnila  of  reprnaetdn* 
Mon  urn  aliotvii  In  Flgiirna  I  I  mid  15,  Tito  Oral,  la  a 
pnlar  uoordliudu  diagram  allotting  Mm  relative  rlak 
for  idtauk  In  nauli  tllrnulloit  ua  a  diatauun  In  Mini 
dlrnulloii  Tim  aceoiid,  a  "link  rlouk,”  aliotva  only 
preferred  direct  Inna  nf  mdry  and  tvltlnlnnvid  wltli 
lilts  nnlur  nf  Mila  pri'ft'rnimn. 


Floi  tit;  I  ft.  "  l-'litk  rli«‘lt "  pdimvlnx  |imfi<rn<il  illree* 
limit  of  til  I  noli  mill  tvlllidoitvid  tvllli  onlm  of 


11. ft. 2  FlaluMiii'lt'rH 

From  link  uliurla  It  la  poaalhlu  In  naflliiutu  llm  de- 
puiidunuu  of  rlak  during  a  hiunhlng  run  on  Mm  di 

1 . lion  mid  m  It  It  im  lo  of  Mm  run.  To  laolatu  Mm  nltnul 

of  0 1 1  It  in  h<  ttu  uomdruul  a  llgitrc,  uiillud  a  llakotiu'fur, 
allotting  llm  typlual  aruuiuulallon  of  rlak  id  dllTnrnid 
nIMliidua. 

Wn  hi m it  tvllli  a  given  Imuililug  mill.  In  preparing 
link  uliurla  fur  Mail  hoiuhlng  milt  ttu  lui'ludu  llm 
nlfni't  of  nlMliidu  011  Mm  trim  nlrapnnd,  Wn  uau  again 
llm  X,)  ,11  uoordliudu  ayatum  of  Mm  pretmdhig  nee* 
Moiia  to  louiiln  Mm  poallloii  of  Mm  Inrun!  iiheriilt  rein* 
live  hi  llm  gun  To  uallmaln  Mm  rlak  ill  a  given 
itlMludn  ttu  lake  Mm  following  alnpal 

I.  On  Mm  link  I'lmrt  fur  llm  kI v»ui  alllhidn  draw 
uriwalug  uoiiraua  paridlul  to  Mm  I  iihIh  a|mui«l  l,l)IKI 
yd  apart., 

8.  If  llm  Immhlitg  null  Ulna  along  nun  nf  Miene 


I’ONFIDKNTIAI 


AMWJf.ATioiv*  of  fk a<; 


i'I'iikmIhh  nmiWH  In  thn  pnlnl  (,\,)  , II),  •  In' 
nintiiiiitcil  iIh1  mill  i'iimh*  within  rmin<*  <•!  Ill*' 
uiiii  rim  I h<  rmiil  fi’imi  I  In*  link  I'lwi'l l  mill  I  IiIh  rink 
/•'( .V , )  ,11), 

;i.  Tin1  vnliii'iif  Vil"li'iniln"N whli'h  I'l'unnliiKi'niii'N" 
Is  In viiIvimI |  flu*  itunmIiik  i'uiii’nI’n  Nfli'i'lml  in  (•(*’(•  (I) 
ncn  ili'ti'l'liilui'il  hy  I  In*  viiIim'n  I  «  •*  I.IMIttm  svlirri' 

«  tt,  j|,  t !i,  •  ■  If  w"  wlnli  In  tin- 

i-ITi'i'l  nl'  I  in*  | mi  l  limln r  "I’unnIiik  i’iiiii'w  Invnlvi'il,  fur 
mil'll  A’  mill  II  vvi«  in  hi  nil  I  In1  vuliii'N  /'( A , )  ,,ll)  •  "  K"t 
n  i|iiMiit Ity  w lili'li  tt*1  will  mill  -(A,//). 

I  \  lliiknim'lm'  U  h  net  "f  I'niilimr  i'iii  vm»  Ini'  »h" 

I’lilii'thui  X(X,II  i 

Thin  nlilll  S(A ',//)  'll'  th"  I'URn  nil  n  ••olinol imi  nf 
ci'iiwmIiik  i'iiiii'wh  mill  lie  i'i,(tiii’ili,il  rnllM'i'  "Imply  un 
lln<  rink  In  tin >  liniiilnuii  unit  from  n  line  of  (/nun  n/nim/ 
1 ,1)00  nil  intitflnUrlii  for  in  n  'liter  tlmrlinn  tilting  I  hr  ) 
a, n*  An  till'  nil  M  in  In  II  ili'i'ii'nni'n  ninl  X  in  h"hl 
It  mi  I,  S(A*i  II)  llieri'immi  1’inin  u  I'nmliliiiillnii  nf  tlil’i'i' 
i'IYi'1'lfi,  Flint ,  UN  II  ili'i'ii'iiNi'N  liini'i'  i'I’uhnIiik  uuiii'ni'n 
i*i mm  wllliiii  i'iiiih"  nf  1  In*  «nu  nii  tinw  ini'  umio 
tmniN  in  lliu  mini  mnkliiK  up  S(A ',//)  Hm'iuul,  fur 
mu'll  A*  nIiiiiI  fiiiiku  il"i'i’"itn"N  mill  limii’i'  /•'( A* 1 
liiurmiwmi  Ih<i'iiiini<  lmj$"i'  vhIih'u  nf  /'  it"  lulu  It. 


T'tlll’l  I,  H|l . I  lIlTIVUNI'N  W  II  ll  II  Nil  . . .  IlIlN  I  HN'11 

III  im UK'*  lur.iti'i'  lit  Inn  ill  t  it  nil"",  nii  unnlii  fui'  mirli  A 
ninl  >",  /''(AW,//)  H'IIiIn  In  liii'i'minc  whim  II  il"- 

rimiNi'N, 

KlKun*  III  nIiiiwn  II  llnkniiii'li'i'  i*uiik» nii'P'i I  iiiuh'i’ 
Hu1  nii iin*  iinni i in t ti Inn  nliuiii  iii'imiiii'y  uf  llii'  im  wiw 
llii>  link  iliinl  uf  Kittlin'  Kl  In  I'niiNtmi'lhiK  I  In* 
thikuiiii'li'i,  llii'  viiilni Inn  uf  tti'iiiiinl  Npm'il  with  nlll- 
1 1  |i  ll*  tt  iin  ll  Ini  !  pivm' i'll  ii'il  . 11 

(irmi|>  I'roltitliillly  Kwlor 

Will'll  ii  iiMMiiii'i'  uf  nli'i'i'iifl.  Ill’ll  IlyiliK  I "Hi'l hi'i'i  ll 

Nhi<tl  . . I  nl  mu*  nli'i'i'iifl  limy  ihtmiix"  iumiIIiim'; 

Im'iii'I'  tin'  rUk  tu  ii  Hi'uiip  uf  nli’i'i'iifl  In  ii  ttlvnii  |iunI- 
t  ll  HI  fi'um  t  ill'  KUli  In  Kiittlni'  tlutli  ihn  rlNk  tu  ii  nIiikIu 
ii  i  ri*  mi  ft  llutti'vt'i’,  tin1  i’InKn  In  tin’  vii  i'Ii  n  in  nli’i'i'iifl 
In  tin1  ui'uiip  mi'  nut  nil  tin1  nii i iii* ;  piPNiiniulily  tin' 
Inrlhi'i'  mi  uli'iTlift  In  t'i'uiii  III"  pnllt!  uf  iiliu,  fh"  niiI'i'I' 

it  In,  nu  no . ally,  tin*  rink  m  n  . . p  "f  it  uln’i'nft  In 

nut  Jimt.  u  tlnii'N  tin*  rink  tu  ntiy  (iiti't h'lilur  uii"  nf 
tlii'in,  Tu  "umput"  tlm  link  In  tin*  wliul"  Kit  Hip  It  In 
iii'i'i'NNHi'y  In  "Ntliiml"  ill"  rlNk  tn  "iti'li  nli'i'i'iifl  In  lliu 
tti’niip  ninl  mini  Mii'nii  rink*. 


I’ONKini'INTIAI, 


I  CM 


111  *'  him*  TO  much  apt  mm  imi<mhi;tim«n 


Kur  tlroe,fn*ed  thin  U  n  nr>ltit.l vH.v  simple 
nmllcr,  ( liven  thn  immm.'fci'H  <r,  on< I  flu*  ciuiipii. 
IiiIhiii  ill  riwk  In  u  given  idrcriil'l  of  the  ^nitip  emi  !m 
I'lirrleil  out  when  it*  pirdtion  mlnth-elii  flic  |m  tin  I  of 
itlm  I*  given,  Tldw  Iw  dune  from  (In*  fnnnulu  pM 
/(a fb,r)f  < iiuntloit  (IH),  oc  liy  mmiiip  ii |i}i ri iv Inint i* 
mtilimd,  Then  Mumming  the  rink*  in  the  hnliv lilmil 
iilrei'iifl  given,  iipprn.xlimilely,  the  rink  In  the  whole 
fornintlimj  the  only  error  I*  due  in  shielding  nf  one 
ithrrnl'i  by  immlier  mid  thin  nin  prnlmhly  he  neg- 
leeleil, 


11'  «  link  churl,  in  In  he  hihlf  fill'  «  grnup  of  nii-emft 
ItiHleml  nf  n  Hhigle  ulremfl,  Mnm  Mm  *fepx  of  Heellnil 
I  l./i.l  enn  he  en  riled  out  with  only  one  eh  tinge.  Tim 
|imlmhlll!y  In  wfep  (•(}  Im  to  he  nmlli|dlei|  hy  the 
groitp  probability  I'nePir  of  the  group,  einnpnteil  nf 
tlml  wiine  point  mi  npuee,  Pi  get  the  rink  to  the  group. 


Ilf.  CONCU  iMNt;  MKMAHKS 


I'oi  proximity  ImteH  the  rink  to  n  group  of  nlivnili 

In  m"1  "  fti'd'l . ml  Mini  t  Ion  nf  the  rlnkn  to  the  helh 

ihhinl  ii  I  ri'i'ii  I  < ,  I  lie  reiiHi  it  I  Inr  thin  Ih  elenr,  I'or  u 
given  whell  there  Ih  n  wirfnee  hi  front  of  eneli  ulrernfl 
on  "  hit'll  the  Hliell  would  linrnt  If  Hint  Inrget  were 
iilone  mid  the  wliell  Imppeiied  In  pnww  through  ih.it 
Hiirlnee,  When  the  nirernft  tire  grouped  together  the 
rink  Ion  wiiigle  nirernft  hi  the  group  |H  no  longer  the 

|,|k!<  . .  burnt  on  the  winfe  re  Minn  it  md  lug  the 

liilgol  lint  Iw  (lie  link  lliilll  e  hiii'Hl  oil  miV  luil'wl  will' 

hiee  Hiirriiimdhig  imy  iiiivrnft  Tlml  rlwk,  nt  lenwl  for 
•W'll.v  peeked  hiriimlloiiN,  iiiny  he  miieli  winnller  or 
much  linger  limn  the  ri*k  when  linn  nlivmft  U  Iw..- 
Imeil  mid  Iiiih  only  It*  own  inirel  Hiirfiiee  to  operiite 
the  filin'.  Shielding  will  Imve  e  very  strong  effect 
with  proslfinty  luxe-,  wlih'li  ll  doe«  not  lime  whli 
liine  Iiixi'h,  1 1  Mm  whh'hlhig  iw  not  renlly  n  whii'liiing  of 
frngmeiilH  hut  of  IiiiiMn;  It  will  he  dim  to  Hie  lint 
Mint  the  hit  I'm  )  w  W  III  ocelli'  hi 'fore  the  wliell  reaches  l  lie 
lirwl  nirernft  iieur  llw  piith  mid  lienee  the  Inirwlw  will 
he  lint  her  from  llmwe  n  hr  nili  owin'  from  the  gim. 

I  With  time  lilftcs,  the  Inii'wlw  me  nw  likely  iiw  not  In 
he  to  non  g  the  nlreiiifl  further  from  the  gim  i  |f, 

. . •her  I  on  id .  im  mremfl  Imppmi  to  he  wliiehled, 

•lie  rlwk  to  eneli  nirernft  in  the  group  1-  grew  ter  limn 
if  ll  were  nloiie 

ll  we  dh  Ide  the  risk  to  lie'  whole  group  hv  Mie 
ihk  /’.  In  ii  Mingle  ulrernfl  in  l lie  Minn.' Inciicni  wliii- 
I'lhni,  we  gel  n  nnnihcr,  -.died  the  giimp  |uol miMIII.x 

tnetor  ill  the  group,  which  depend*  on  the  . . . 

ol  lire,  the  type  ot  luxe,  the  imiuhcr  mid  urnmgeiiiriit 
•  d  el  remit  In  the  group,  imd  (for  proximity  foxes,  ew- 
peehill.v  1  oil  the  nligle  he! ween  the  1 1  Ireet loll  of 
llighl  of  the  Puget  mid  the  t inject nry  of  the  wliell. 


The  preceding  wm'lhuiw  Imve  dlweiiwMi'd  methods  do* 
veioped  ilurliig  World  Whir  II  fur  compiirlng  the 
I'lti'i'tlvenewH  ot  different  liieliew  imd  I'lpiipiiicnt  III 
liieriNiHlng  or  reducing  rlwk  to  niremt't  from  imllnlr* 
emit  lire,  I'liewe  melliodw,  nf  lipeewHily,  involve  umiiy 
IdeiilixnthniM  of  hioip  or  leww  iloiihlliil  vidldlly,  Tim 
ili'gree  In  n  lileli  the  I'ewiiltw  I'niifi  n  ut  to  net  mil,  prne- 
lii'iil  -It not Iohm  |w  Miihji'i'l  to  liiiprovetnenl  In  twii 
Imwle,  Inti'iri'int mi  wn.vm:  (I)  hy  modifying  Hie  h,v- 
poHieweH  in  Hie  direetloii  of  grcnlcr  ren IIhiii  mid 

I'V  '"'.'I . lilting  ll  linger  lioily  of  rellnhle  ex- 

pm  lioenpil  ■  In t ii  heurlng  on  nil  phiiwcH  of  Hie  |irolileui, 

liiwoliii'  nw  imiilnhle  experl . .  dutn  nre  linnle- 

't'lf'te,  there  Iw  eoiiipiirntlvely  little  Immedinte  prne- 
tienl  Vidllc  In  relliieiimiilM  of  the  1  henry , 

* 1,1,1  hiipoi  Piiit  ipii'wilon  for  eoiidilni'd  i  lieoretleiil 
mid  cxpcrlmcnPd  ImcwllgiiHmi  |w  the  dlwtrllmllmi  In 
wpiiee  of  will'll  Imi'wlw  from  nil  \\  Imltery,  nw  do- 

termini'll  hy  Hie  rend . mid  wywleui  Hi'  errors  nf  the 

dll'ccliii'-i 'output er-gnn  systems,  Tim  . . .  of  u 

t  imi«..hoi  dl-l i'll nilh hi  ntnnil  Hie  Puget  nw  menii,  with 
i in h ■( ii'i ii l«'ti t  errorw  In  rnnge,  eleviilloii,  ninl  nxlmiilli 
Iw  of  ipii'Mtloimhle  vidldlly 

I'lm  pi'iictlmil  dewlriihliily  of  nli.\  liivcwtlgiillnli  of 
tlm  won  Jiiwt  wiiggewied,  Involving  w|n*ellle  pleeew  of 
ei|id|imeiit ,  mill  he  nwwewwed  In  lerinw  of  ( |  i  pioliiilili' 
nhiindonmeiit  or  nioilllh'iitioii  of  mieli  i o 1 1 1 1 1 ii i ti '1 1 1  mid 

possible  . . it,  In  tin . . .  of  tlm  nimlv- 

wIh,  o|  iiii’IIioiIh  ii p| M ii'iil d>>  hi  ollmr  prnPli'liiH,  |i'rnin 
tlm  hitter  \iew  point,  ||  w nw  eoiiwidered  de-lrnl ih<  to 
wlrewH  melliodw  rntlmr  Ihnlt  details  In  Hie  prcsciil 

ehiipter;  nil  tin-  umreni  win . .  mpjil  cliiingew 

ill  eipdpmeut  iilnl  (net lew  eun  lie  expected  to  . . . 

t'ii».v  tui'llmr  ili'Velnpiueiil  of  ntoinle  power, 


(•nNIHDKNTIAI, 


Chapter  12 

COMMENTS  ON  A  GENERAL  THEORY  OF  AIR  WARFARE 


is.i  iNTHomtrroHv  kcmahkm 

Mom  'i'll k  timer,  it  ihiimI  Ih<  <'li'iniy 
tlllll  ll  id  H(»t  I  III'  plll'pllHC  III'  IIiIn  «>l‘  Ill  /»•••- 
w it  ii  Kcncrnl  theory  of  nil*  wiirfnre;  hut  mllo>r  to  Rive 
noiiu*  tenhitlve,  mill  very  hicomplcieimd  |irolliuiiniry, 
hletid  of  wind  miii'Ii  ii  tlii'ory  roil  Id  nml  hIihiiIiI  com- 

l*ri«'i  1"  give  f«l llttl*  Ilf  t III*  IH'KIlHIOIltX  fill'  llllll  URldllNt 

•ll icni|itli<K  lo  I'lii't  mill  tine  niirli  n  theory;  uml 
to  Indicate  hm\  i‘i'i'tiilii  nctlvitlcn  of  tlio  Applied 
Mitt IimiiiiI It'D  I’hiii'I  nml  of  other  iikciii'Ich  reliite  to  n 
hcIichic  fin’  ii  lirnmler  nml  moi'ii  liii'liidlvr  iiimiy t  li'iii 
iippi'niteli  to  tlio  |irol iIimiim  of  iiir  wni'fiii'i*  (nml  of  win- 
fllll*  ill  KI'lM'I'lll ) . 

Tim  lili'im  lii'i'i'iiltli  pri'wentcd  iim  to  tin'  drupe, 
mdtirc,  Mini  iHoi'i'iliiiiN  of  it  Ki'iii'i'iil  theory  of  nli' 
wni'fiii'o  iiiiimI  of  iii'i'i'Mnlty  ln>  wholly  tonliilive.  l'’oi' 
miii'Ii  mi  ovci'iill  nmilynirt  lum  Hot,  ho  f*»r  hh  known, 
ever  lit'im  ii t tempt t>«i ,  MY  mi'o  ilmlliiK  here  with  n 
ti'i'liii'iiiliiiiMly  complex  nit  out  ti  in,  which  mil  only  him 
n  lii'Wllilri'liiK  iiiinilii'i'  of  ti'i’inili’iil  element*,  hut  In 
iiInii  IniNlciilly  nITccted  liy  n  hunt  of  |ii'««'l Icitl  tiuii- 
tci'htlii'iil  ci il f h! i Ii •  i'll t Iiiiin  of  n  very  k<’I"'I'nI  chiimcti'l', 
Much  iim  Ai'itiy-Niivy-Alr  l'’i irc«*  MiKuntmitlon  nml 
policy,  nttltiulo  of  IiIkIi  I'liininiMiil  tnwuiil  clvlliiin 
tcchnli'itl  iihmIh t tiiii'c,  lit t it mli'  of  llclil  I'niiiiiiiiinl 

I  own  id  IniioviitlniiN  in  . . rdiirc,  coiiiiilloiM  which 

II  tt  I'lii't  llllll  III  till  Nl'icilt  Itlc  lll’I'Hllllllcl  Ilf  IiIkIi  I'lllllll’l', 
I  ll  1 1  lilt*  «ll|l|IOI'1  Ilf  .'iT.ftlvi'  IIIOMMIII'I'H  fill’  llllll  tiny 
|N'C|ini'i’iiiicNN,  The  | iri 'i'Ihc  clnil'iictci'  of  miii'Ii  hIiiiIIi'n 
iim  lire  (IIhi’iimmciI  herewith  would  iiImo  In>  profoundly 
affected  hy  new  wciipomi  iiiiiI  the  new  tucticM  uml 
Mtruti'Ky  which  they  penult  nml  dciiiniid,  Them' 
fact  urn  (nillt  li'iii,  oi'Kimlimtloiinl.  nml  teelnilciil 
lire  ohvloiiNly  Iiii|mimmIIiIc  to  miitly He  or  mil icipiite  nt 
thin  time,  nml  oceoidliiKly  the  IiIciim  |ireMcnteil  here¬ 
with  iiillNf  ncceMMiuiiy  he  viikiic  uml  Rcnei'id  when  they 
nMempt  miy  ueenriicy  or  iiermniieiicy,  nml  tentutlve 
nml  lihiNtrntlvn  only,  when  they  nt  tempt  to  he 
M|iecl||e, 

The  iiuthor  of  them*  comtneiitM,  moreover,  innkeM 
mi  pretcimc  to  any  |irofeMMloiml  know  led«e  of  military 


Mclenee,  Tliiw  he  I'iiiin  the  rink  iif  iihIiir  piirHMeohij<y 
which  limy  m'citi  iinivu  or  even  rldleuliitiM  to  the  pro* 
feMMionnl  Midi  Her,  Hut  we  enmnit  Ret.  forwnrd  with 
(IiIm  Hfiilenu'iit  niileMM  tliut  rink  In  tiikini,  All  nf  wlm t 
follow'd  In  IIiiin  to  he  eotldli lured  u«  protected  h,V  n 
hhinkel  upoloK.v  for  iilunilei'M  of  teriidiioliiKy,  of 
iiiiilei’HtiindliiK,  or  of  fuel. 

13,3  OITKNMIVK  ANI>  miKNMIVh  AIK 
MAHIAHK 

OjTmuivf  nit  iciic/urc  coiimImIn  prhiuirily  of  the  mi* 
foreeil  ii|ipllcuthni  of  hmnlin  (llh),  hieciidlnry,  ntoiule, 
etc, ),  a  in  ihil  miMHiVi'N  (jet  or  roeket  (  hi  i|K'l  Iih  I  or  rIIiI* 
Iiir;  inruet  Hcekiiiit or I'Meriiully  coul rolled),  in’i/i'niii'// 
urojirlilm  (rniiRliiK  In  ciiliher  from  0,50  in.  to  75  nnti), 
nr  viickrl*  for  the  |nirpom<  uf  liiterferluR  with  or 
ilcMtriiyiiiR: 

I  Uniformed  enemy  eoiiilintiiiilM. 

If,  I'lliemy  nillitnry  iimtihiel  (phiiieM,  tmikN,  riiiin, 
nuliir  iiiMtn  lint  ii  him,  nIiI|in,  hiiIih,  fuel  uml  iiiiiiuitidllini 
dtiii'i'M,  elr,). 

II  I'lliemy  i'liiiiiiiunii'iit  It  mi,  uml  tniiidpini  In  enemy 
count  elm, 

■I,  I'll iiiiii't lull  fiidlltieN  of  enemy, 

5,  Knemy  iiiornle, 

It  iiIno  Inin  the  further  purpoHe  of  ili'MtriiylltR  Hliy  nlul 
nil  enemy  ilefeiiMCM  (lluliter  |diini'M,  iiiitltdreriift  riiiim, 
m  en',  controlled  mlNHile  nIii'm,  etc  i  iiRidiiNt  niicIi 
I’ffei'.ilve  iittiickn, 

lirfriiM if  oir  ii'urfwv  cnildidtN  of  forced  uppili'ii- 
tloliM  of  the  weopnlm  of  the  nil'  linn  URiiillMt  enemy 
iiReneli'M  which  Meek  to  curry  out  direct  nttiiekM  on 
!in,  Aiiioiir  niicIi  imeni'ii'M  lire!  enemy  idrertd't,  euli- 
trolled  inlNMih'N  mid  their  IiinnelitiiK  nIIcn,  wliipM  up- 
pi'oiiehiiiK  oil l'  mIioi'Ch,  etc, 

It  will  lie  noted  Mint  oll'eiiNive  wnrfnre  Iiiim  been 
here  dellued  iin  the  iihc  of  ImiiihN,  rocket*,  etc,,  there 
Im'Iiik  mi  explicit  metitioii  of  own  nl  rent  ft  Kxeept  for 
the  poMdihie  miiIi’Ii Ini  (or  remotely  controlled)  nm»  of 
nlreriift  iim  ii  del'eimlve  mininhtK  device,  the  nli'crnl't, 
llw'lf  In  iirlmurlly  n  menu*  of  t  miniport  td  Ion  which, 
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willi  great  »poed,  orer  lung  dlnlmmen,  mid  often  nii- 
M,**,*h  btingn  tn  tln<  effective  place  the  hum  I  wight  iitnl 
IhmiiIi  rack,  Mm  ii«*kot  Innnehor,  the  gun,  Hi-,,  wli!Hi 
then  ntlimkn  tin-  enemy. 

There  In  is  hoen  no  mentimi  uf  tin-  dlnflimthni  lie- 
fiM'cn  ntmtegle  mill  t in’t leu |  offennive  nir  netimi,  Tim 
itlimm  Hwi  ill'  inmilii'i'i'il  Himiih  ntartn  with  hn-tlcnl 
imtlniiH,  mill  endn  with  Mlrntegle  netlona.  The  din- 
Mimtiolia  Imlwei-n  liiclli-iii  mnl  Htnilegir  m'llon  t,.||.r 
IH'Iiiih lily  tn  tin-  liniv  fnHiii'  mnl  tn  Kjirrijir  opcnitlonn 
HH  I'lintniMi'il  wttii  geneml  <iri’|>n nit lim  mnl  dh'eriion 

tlm  iii'tliiim  wliieh  „l  on  nr  affect  Mm  iiiiiltiny 
atl'cngtli  nl  tlmi'iminy  nf  mime  pni'lli'iiliir  |i|nei<  being 

limtli'iil;  Minim  which  itlTerf  . liftin', v  nlrcnglh  nf 

llie  enemy  in  geimr/d  mnl  iit'ter  nninc  Mum  ili-lny  lining 

ull'llll'gil1. 

12  t  IMIMNKI  A  IIONS 

I  In-  lii'lnt'  r»*iiiit rks  iiniiln  in  tin-  |ii‘i'i'i<ilfng  Hi-rt Inn 
i'i iiicni'iiing  (itTi'iiwIvi'  mnl  ili't'i'iwlvn  nir  \wirfiirc  wen* 
iiniili'  *"1'  the  nfngle  |  in  if  m  in**  nl  i<ni|ilim*lKliig  Mint 
therein,  In  gi'imi'nl,  1 1 1 1  hi mf i  tiling  n.“  innliilcd  wnrfiirc, 

\  ti ii n li-i'i i  n/ir  involve*-  tin-  (ii'mliml he  i'i(|nii<||y  nf  n 
"  In  lie  |ie>ij)le,  ii»  iiliiiitv  In  f  riiiisfn  >i  t  innlni  ml*  of  , 
ItN  tutnl  i*ii imi-f t \  In  m| like  by  limit,  m-n,  mnl  nir  Tim 
por*  of  t  lifs  win ile  nl  niggle  wliieli  cnnwN  ninler  Mm 
Inliel  'nir  \ni it'ii ii-"  in  ciiiirmiiiinlv  finger  mnl  |n- 
en  li'ii  In  lily  more  Impnrtmii  Mum  In  the  |ihh|,  Mm  the 
(’ill'*  railed  nil'  vinrfine  Im  In  iiinxi  cmmcm  (mnl  hi  M|| 
huge  mnl  Initini'liml  i'iimcmi  Iih>\i rfi'iililv  iiilei'relnleil 
«ltli  nfl  the  Other  p/u'ln  nf  the  tnfnl  elTnrl.  It  (m  „m 
II  l  i  reiist  n  in  I  ite  mnl  Mclf  •defeating  tn  mtcnite  mi  e\- 
eliiMive  theun  nf  n le  Miirfinv  ns  It  ttutild  lie  fur  n 
(ili.VxIi'iiiii  In  luiik  Miriiiigli  n  )  ii'i'l  il  ii  ile  lit  n  |  in  |  lent  ‘n 
tni'elmml  mnl  try  In  ilhigiiiiMi-  the  eiiiixe  nf  Id*  hem I- 
iielm, 

TliIlN,  tlm  Hint  II  1*1  til  t infill,  Im; 

Tlurr  rrnimii  In  nun  nnrh  llimn  n«  a  ihrorn  of  nir 
ii'iir/iuv,  nnlrnn  our  in  m  rvuliln  / ne/inm/  In  nlmli/ wur- 
fni'i  in  fivnriiil 

I'hnt  nil  Mil  tin . .  Infantry,  nrllllery,  nir  t’orcen, 

»ii  drfotinc,  |>i‘iH|in<t fun,  fund,  iiinli|niwer,  ei'ltleid 
tlinteiialn,  training,  li'miH|ii,i'liittiiii,  lime,  etc,,  nre  nil 
InteiTeliitedly  Involved  in  miy  tg'ninl  "liiitegli'  |iimt 
Im  Inli'ly  nliviiiiiM,  ( 'iiiixldoi',  fur  e\mn|»le,  n  nli'itlegle 
|il'i*i  tn  I'l'ihme  tin  level  of  iiiiii'iilue  lunl  |irui  lint  lull 
In  mi  enemy  cniiiitry,  \\  lint  t'r-  >|n  n't  Inti  uf  uin  own 
|H'uiim't I ve  nl  length,  iinuiey,  mnftpnwcr,  He,,  emi  «e 
itfTotil  In  expend  in  inilei'  to  elTeet  vni'toiiM  Inveln  uf 
reduction  nf  enemy  imielilne  tool  |ir< u hint  Inn  within 


''ertnln  Minted  t, linen?  The  rnniilieatlona  of  fhln  tjiien- 
Mon,  Urn  eyelid  Intertwining  of  tlm  manifold  military 
mnl  eeoiiumle  factom,  nee  olivlnnn, 

Hilt  eonnlder  hi  Him  tnneli  liinfe  detailed  mid  wpeelfln 
tjiieMlImiH  onen  wliieli  might  canity  fueit  a  enlnitel 
at  VVrlglit  Field,  for  example.  A  new  homlmlght.  In 
mnlei’  development,  Intended  for  hlgh-idtltinlo  radar 
lininlilng,  Hii|i|inne  the  reaenreh  mnl  develnpnient 
ngeney  report  a  Mint ; 

1 .  The  mil  error  emi  he  redneed  from  AC)  tnlln  to  ft) 
inllx  tiy  lidding  tit)  Hi  In  tlm  weight  |  or  to  20  iidln  hy 
lidding  lilt)  lli;  or  to  III  nilln  hy  ndding  fit  Ml  Hi. 

2.  I  lie  mil  error  wliieli  emi  lie  achieved  Mii'nugh 
ennent hilly  |ierfeet  o|iernMon  not  he  redneeil  hy  a 
fm'lor  of  two  hy  liwri'indng  the  complexity  of 'tlm 
night  mid  the  eoni|ilexlly  nf  operation  (hence  alno 
loereimlng  the  eont,  Mine  to  |irodnee,  time  tn  train, 
niidnleiimii'e  dltlleidllen,  ete,), 

>t.  I  Ini  hninhnlglil  emi  lie  made  In  n|ieru!e  wit, limit 
the  iieeennity  nf  i  nlriilght  lininlilng  I'lll!  hy  further 
Itierennllig  tin  weight  hy  HIM)  Hi, 

Wlint  fuel  urn  nhnnld  enter  Into  the  nmdynln  on 
M'lileh  the  enlniiel  Imnen  hin  recnmineildiitliinn?  ||e 
emmet  pnnidhly  hlmnelf  know  id!  tlm  »'V 

ifimgn,  tint  numeimw  im  nlinnid  eertalnly  tiling  tn 
,M'm'  Mieneitnenlhilinii  wide  mnl  |iri>elne  knowledge 
nf  Mm  tM'iiliniilllth,n  nf  lininlilng  iieenrimlen;  the 
tngtMtlen  nf  the  llienlren  In  wliieli  them-  nlghtn  me  tn 
lie  lined;  the  tint  me  uf  the  enemy  tnrgetn;  nil  the  vimf 

ttel-l  of  liM'iiiliinl  fm  Hint  lens  the  . . if  the 

Mine  fm'lor  ( which  ummin  wnr  plmm,  mining  other 
tldiign);  the  iinyi'hology  mnl  iiltylnlogy  of  ii|ii*raf lull 
of  lionilmlghtn;  Mm  neleelion  mill  Inditing  of  hotti- 
hnrdlein;  imrenMltillllyof  i|iin fitted  |iernoHliel  j  the  himle 
eiinl  of  hi'I'i in 1 1 1| |s|i t| tgc  the  nmim  ohjeetlven  oMtei'wInej 

Mm  inenent  nod  |iotentinl  fntili . .  of  Mm 

eneniyV  lighter  nltiiek  ngnitint  our  liomhern;  ete, 

I  loin  nil  ii|i|inreiitly  detnfleil  i|ili<nthiii  eoimnrning 
the  ilenign  nl  one  npreitle  |i|eee  of  (•i|til|iHient  enmiot 
lie  minwered  loglenlly  or  eolmliinl vely  exeept  Mil'ongli 
mi  mndynln  ulili'h  token  Into  imeiMint  mi  nlnninf 
fiigliteidng  ii riny  of  fimlorn. 

The  "primtleiil"  mint  will,  at  lliln  point,  wlnh  to  get 
in  im  I'liifilinlie  dlnelnllimr,  lie  will  wlnh  to  point  out 
Mint  tliene  ipn-nl Inns  I m vu  to  lie  miNWcmd  III  n  reitnoii- 
illilt'  time,  Mint  It  In  till)  pn«n|lijc  to  liirnlnli  eimh 
^  right  Meld  eulonel  with  a  hoard  of  nillltary  Fht* 
Mtelnn,  thill  "J  min  muni,"  'Vz/irr/eaiv,"  "ce/mmm 
wnne,”  fieri  in  |  in  even  "luirnv  mim<"  m-n  mure  |tn* 

|n  irf  it  lit  Imre  Minn  a  lot  of  tiim>npini  theory, 
'limpranMeiil  ntnnlminkeil  tn  exert  an  nlinont  mtper« 
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humim  fowl  mint,  mill  read  mi,  for  It  Ih  hoped  that  hU 
foam  anil  tilijeelinnn  will  receive  Hornet  lilhg  of  mi 
MiMver  lief  ore  UiIh  rluiplor  in  concluded,  To  imiti'li 
IiIm  1'iwtmliil ,  I  Im  nut  Inn  ngreim  tu  runt  I'ltln  hltiiMt'lf  mul 
In  »i| to,  from  bln  experience  of  I  ho  limt  llvo  yeum, 
only  hIIi'Kih  Ii’i'I  iiiiiI  nmutyimiiiM  exnmplim  uf  the  kltul 
of  lIuulnllHIM  wllll'll,  III  Hill'll  IH'ollloilIH,  HIII1II*I lllll’H  II'- 
Htilt  from  '*«m nnmtitt  noiiho"  mul  ‘'exporienei',"  di¬ 
vorced  fi'iiin  ti'i'lmli'iil  knowledge  mul  itnnlyHk 

12,4  NATtlNK  OF  A  GKNKMAI.  TIIKOHY 

In  nriloi'  to  I'vjiiixi*  ovon  lliu  I'lulliiii'iiliiry  IiIohh  ul 
n  general  iIiimm'V  ll  Ih  unfurl  lllintely  im'i'I'hhiii'.v  In 
face  u  (Wiiilti  tiiiiniiiit  uf  i'iiui|illi*iil!nii,  Tlml  Ih  lilt* 
itviililiiliio,  hIiu'i1  I Iio  i 'i hi 1 1 >1  li'ii l inn  In  mi  liilini'i'iit  mul 

I'l  III  I'ltl'l  I'I'IhI  Ii*  I|H|  IIU'I  III'  Mill'll  |ll'llllll’lllH,  Villi  III  IMIlllllo 
Hhr«iilmi'i|iu’iillv  In  folk  m  1 1 1  ii  nt  I  I  In'  i'<iiixlmil  repel  I- 
I  Iiiii  of  long  ipiulifylug  rlmiMi'M,  wo  iiiiimI  Int  n uliu’i’  jnnt 
ii  lltllu  in  M  ii  I  h  hi  . 

Hii|i|umi'  1 1  ml  ii  I'l'i'lnlii  i  b|  M  'i'll  t  lull  O  Im  illulor  I'uii* 

hIiIi'I'iiiIhu,  tliu  |ilmi  /*  I'm'  thin  operation  In . mhig 

h|m<i'II!i'  mul  ilt'llitll o  uiily  after  a  iiuinlii'i'  «  uf  iIooIhIimim 
D„  liiivu  lioeotno  dollnltoly  Met  I  li*il 

TIiiim  I  Iio  o|ii>i'iil loll  might  ii'liilo  In  moiiic  m) ii'i'llli'  do- 
t nil  in  {ho  iIi'mIkii  of  ii  ploeo  of  i'(|iii| uiii'it I  Huy  lliu 
iiihxIiiiiiiii  nlowlng  «|i«m«i I  ui'  mi  itlii'i'iifl  timet  lu  Mil" 
i'iimi'  Mu'  iiIiiii  /*  Im  lii'tiM inlni'il  wiiou  mu'  hIiikIo  do- 
I'ImIiiii  I) I  Im  iiiiuIi'  ilulllllli',  I lllit  iIih'IhIiiii  ooiiaiKtlng  uf 

UHMlgidng  ii  ili'tlulli'  iiiIiiiIht  of  iiiIIm  I mi 'i'i mi i  to  tin' 

iiiuxhiinin  alowlng  m|i('ci I  To  lake  mnitlii'r  vi'i'y 
mIiii|iIi<  IIIiimI  i'iiIIoii,  if  I  In*  operation  <>  Invulvoil  tliu 
Mingle  i iiii'h! loll  itM  to  wliollioi'  ur  not  tltu  turret.  enn- 
trulx  til IIIki'  Hii-i'iilli'il  nbli'il  I mi'kluu,  thou  the  |ilun 
I'  i'iiiimImIh  of  tin1  Mingle  ileeMuii  II i  of  doolilhig  "Vi'm" 
ui1  "No."  In  liny  miii'Ii  i'iimu  fix  tlilx  IiimI  mu',  tin*  do- 
I'ImIoii,  nit  In, null  i'oiim|m||ii«  of  it  I’luili'u  ln*l  \vim*ii  vim 
will  iio,  i'uii  lie  given  it  wmiorleul  folio  (mul  (Iiiim 
iniiiii'  hIiiiII'ii'  to  tliu  |»ii'vloiiM  i'iimo )  liy  ii rl ill i'ii lily 
culling  I  tin'  i'i|iiiviili'iit  of  yi'M,  mul  0  l Im  i'i|iilvulmil 
of  no  TIiiim  In  liotli  the  IIIiimI iiiIIhiim  given  mo  Ini',  Hie 
plmi  hi'i'iinii'M  ili'tiiilte  when  mmierleul  viiIiioh  ini' 
iimmIuiii'iI  t"  I  lie  ili'i'ixion  viulr.lilim  !>„• 

In  ii  i'iimo  of  alight, I, v  uti'n t i'i*  complexity,  the  o|u«i*- 
ntlou  (I  might  Imve  u  (ilnn  /’  vx  hit'll  IiivoIvi'm  ton  ile- 
•'ImIoiim,  iuiiiii'!, vi  II i,  nl  tvhiit  nlllliuli'  mIiiiII  we  curry 
oil)  IwiuliitiK  iittm'kM  on  ii  pni't  li'iiliir  target  l  mul  Ih, 
mIiiiII  we  curry  Hume  out  hy  tiny?  it  Ih  iiHHiiineil  Itei'e 
thnt  ninny  of  tlio  otliei'  viii'Inlili'M  of  llie  Milt  lint  Ion 
(typeM  of  pluiieH,  type*  of  ImiiiliH,  ete.)  lire  llxed  hy 
eoiiHliiei'ntloiiH  not  itiulnl'  our  eoiitinl. 


Here  the  plmi  /*  Iweiimea  definite  when  ft  stumer* 
leu  I  vftltio  Ih  eHtnblisImd  for  Ih  (my  '40,000  ft),  find 
when  you  or  no  ft  hut  in,  I  orO)  in  deform  hied  for  Ih, 
ho  Mint,  titty  or  night  Iwmhlng  in  nettied  upon. 

iu  it  eiiHii  of  iiineii  more  HiiliHtiUillid  complexify, 
the  operiitlou  0  might  Involve  the  optimum  into  of  it 
given  wltted  Heel  mi  H-2I>  homhoi'M  opemlhig  out  uf 
Hie  MiirimiHH  ngitliiHt  ihipmi.  Hu f  even  now  flin 
prohlem  Ih  mil  nnttrly  iih  linmd  iih  It  might  In*,  for  It 
preHuppiiHim  ulrerufl  of  eerfulu  dellnlto  churm'ler* 
ImIIi'h,  iipertillug  from  u  given  net,  of  Ihihoh;  wlierotwi  a 
blunder  prohlem  would  hiehule  ft  t'oiwh lent tluii  iih  In 
whether  the  uMuek  Hliunld  he  niMde  h.v  iithulilled  nil'* 
emit  (ami  whut  typim  of  ulreriil't),  reimitely  eoii- 
| lulled  ulrerilft ,  gtlii led  llliiHlioH,  ete,  Hot  even  in  IhlH 
Homewliul  ii'Htrleled  prohlem  It  Ih  eieur  Hint  the  plmi 
/'  for  the  uperut imi  now  liiehideH  u  huge  mimher  of 
<  Iio'ImIi  hi  vii  rin  I  den  /)„  wIiomo  valium  uiilHt  he  tie* 
lermined, 

Thun,  to  Imlleate  only  a  few .  would  Imve  to 

iiHMlgii  priori! hm  to  a  net  of  turgetH  OIiiih  Involving 
iiioiierleul  valium  lor  n  net  of  dei'lnloii  viirmhleH,  one 
of  wlileli  enrroHi u iiiiIm  In  eueli  liirget  uinler  i'ouhIiIhi'- 
ut  ii  ui )  i  t  foe  would  liuve  lo  nettle  mi  ft  lllgld  pitill,  HiIh 
in  turn  lireaklng  down  into  u  large  mnnhei'  of  hull* 
viilintl  i|ee|M|uiiH,  niieli  of  which  iiiiihI  lie  di'llnllely 
« ii't imiiH I  TIiIm  lllgld  pluu,  iimotig  ninny  oilier 
Ili'oiM,  liivolvim  iIi'i'IhIoiih  iih  lo  Hie  loritmlloiiH  wlileli 
it  ill  lie  flown  en  route,  when  lighter  oppiiHlllou  up* 
pi *ii t h,  when  link  Im  primcnl,  for  the  huinhliig  IlHelf, 
uiid  on  the  return  trip.  All  of  l  hone  mul  tern  enn  lie 
ny  nI  i'ii  hi  t  li'ii  lf>‘  "el  down  III  miii'Ii  ii  wii,V  tlml  they  are 
dethdtelv  Mettled  hy  UMHlgiiltig  uninerieul  vulilim  lo 
viirioiiM  i li<ei->ii ui  vu rlul dim  I)  I'iVIihIvo  InellciH  uiilHt  lie 
ilielmled  In  I  Ida  (light  plmi,  mid  In  eiiiiHlderliig  vni'l- 
uiim  fornmtloiiM  a  in  i  taetli'M  il  Im  eieur  Hull  one  Ih 
forced  Into  n  detailed  cniiHidcrut imi  nl  the  iieeiiniey 
and  I'lTeel ii'i'iii'MH  of  the  defeunlve  lire  ol  the  hoiuliei'H, 

1  lielr  v  ulnernhlllty  tu  enemy  liHuek  hy  lighter  pliHom, 
link,  rneketH,  nlr-tiHilr  liomlillig,  Helf-lullleled  ditlll- 
uge,  ete,  (JmmlloiiH  nl'  fuel  euliHimipHoii,  wear  on 
ulrerilft,  erew  inoride,  iiminlenwiee,  t milling,  f»«,v- 
ehologleul  and  pliy«lologleul  IlmltutloUH  on  giumeim, 
lioinlinrdlerM,  pllnta,  ete,,  iiiiimI  he  ('iiliHldmed, 
Went  her,  rud'ir  navlgutlon  iiIiIh,  and  radar  Iminlilng 
aid-  are  hitiiiiiitoly  involved,  iVolitililo  dmnago  to 
own  alri'i'aft  from  link,  rocket h,  lighter  nllnck,  etc,, 
Involve  complex  imd  wilitle  Htlldlim  of  (lie  Vllllier* 
aldiity  of  ulrerilft  eonipoiieidH  mid  perHoiiiml,  I'rag* 
tticn tut  Ion  chtimcierUlleH  of  eimniy  hIm'IIm,  lire  mint  nil 
ni'imi'iU'h'H,  ete,  Kffeellveui'HH  of  the  iiomhing  i  rival  vim 
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nil  llm  illllit  iill  probability  anil  Mint 1st  lew  nf  humlilng 
ureumdes,  mill  Min  vast  army  nl  ludurs  which  enter 
Into  temiinul  liulllsties,  Tin*  enemy  defenses  nf  nil 
surfs  mill  okhIon)  all  types  nf  at, hick  iiiiimI  ha  esti¬ 
mated  as  best  nun  mill  nil  (lie  IuikJm  nl'  past  experience 
nial  Intelligence  (Mm  pnsl  experience,  hiddculidly, 
unit  being  worth  iuucIi  If  it  ronslsl*  niuruly  nf  llm 
iiuilf'i'sliiinlalily  uuinllniial  han't  Inn  nf  crew  ummlmrs; 
|irnvlwln!i  untst  he  nniilu  Ini'  first  I m ml  iiuulysis  In  llm 
Mi'li I  anil  at  I'untrul  Incut  Inns  hy  Innliulnally  nnnipn- 
( out  lii'rsnuunl  simli  ns  till'  Operations  Analysis 
Hi'i'l Intis,"  mal  at  I'l'iilral  currdiillng  ami  analysis 
Imii'iilis  simli  as  illil  nut  ri'iillv  exist  dining  Wi irlil 
War  II. 

Thus  In  tills  Mi  in  I  illusi  rat  inn  nf  mi  npi'rntlnii  <), 

I  lm  plan  /*  nlnarly  luvulvnsn  (  cry  liirgc  ininilici  nl  th'- 
I'lslmi  vii riiil ill's  IK.  which  nnisl  lm  ilnli'i'iiiiiM'il  in 
tii'ilnr  In  ilni'lilc  llm  plan  Ami  tlm  Ininf  ilnsnripl Inn 
kIm'Ii  nliuvn  linlli'iili's  n  in  it  I  n>r  fnaluri'  nf  simli  prnli 
Iciiis  ii  fnaluri'  which  vm  have  iml  nii'iit liaii'il  as 
yet ,  Iml  w lilcli  Is  csscuthil 

II  is,  iii  fiml,  I’lnai  tiial  llm  ili'nlsiim  varialilns  /.)„ 
llminsi'lvi's  i|i'| ii'iiil  ii | inn  a  huge  nuinlmi  nf  further 
nial  innrn  luisin  v arlnlilns,  simli  as  llm  liid  con- 
sunipl  inn  nf  a  H-31S  at  given  hah,  speed,  anil  all  I 
hull'!  llm  pcrccuiagc  nf  Iragmcnls  linger  Ilian,  say, 
mm  nniu'c  in  weight,  which  Inavn  a  ccrlniti  lairsihiu 
\\  simli  in  ci'ilalli  niignhii  ilircrt inns;  llm  proha* 

I illil, V  llnil  Inn  .filh'iilllmr  sIiiks  In  a  ccrlida  men  nf  a 
tighter  plmm  cause  a  lire;  llm  pruhalilc  value  In  mils 
nl'  tin'  liarinntilisaliun  errur  nf  I'crlalii  unns  nf  a  11*3(1 
alma  IlyliiK  In  I  in  ii  ip  v  nil ;  the  prulnihle  nninlmr  nf 
•  lay n  per  ninulli  (in  u  kIm’Ii  snasun  uf  llm  yean  that  a 
I'erlnin  I'lminy  target  will  lm  vlslhle  fnan  I  1 ,00(1  It 
nial  imt  vlslhle  f inn i  , 'ltt,IMIH  It  |  He  These  hasle  viil'i- 
ahles,  which  we  will  call  I  \  lllais  Imliriil  lug  that 
there  are  V  uf  llmiii)  nlTeet  the  i|ec|siuii  variables 
IK,,  (nil  me  hlsiha  I  liniu  t Imm 

( Vrlaln  uf  the  hash'  nirlahles  !  are  at  nur  ills* 
pi istiil ,  In  that  we  can  cniilrnl  their  values,  t  llhers  are 
uinler  llm  euiilrnl  n|  the  enemy  (simli  as,  I'nr  example, 
the  pruhnhlllly  that  eueui.x  lighters  iilliwk  at  a  ear 
tain  place  ainl  time)  tlthers,  such  as  weather,  are 
Hllili'l  tlm  emit n il ,  sii  tu  speak,  uf  iinliirc 

II  is  clear  that  llm  rehithnis  Iml  ween  the  ih'i'ishm 
vnrlaliles  l>  ami  the  hasle  variahles  I  are  very 
cnniplli'illeil,  These  two  sets  uf  nirlahles  are  all  Ill'll 
luKi’lher  hi  all  sui  ts  uf  enmplienteil  w  ays,  Hunm  uf  llm 
hecislnti  vnrlaliles  I)  lire  mil  logically  linlepeinleiil, 

“  Hen,  fur  example,  reference  tit, 


fur  assigning  a  value  In  une  may  Invulve  resIrlellitK 
certain  uf  the  hash'  variables  In  values,  nr  rung#*  uf 
value,  which  In  turn  may  effectively  limit  ami  may 
even  speelllenlly  ilelermlue  the  virtue  uf  utlier  de- 
I'lshiu  variables,  This  Is,  uf  euitrse,  merely  the  i'urnml 
imillieiiiiith'iil  cipilvalenl  nf  the  uhvluiis  fuel  uf  ex¬ 
perience  t  Iml  i  if  ten  ime  ileclslun  eummlts  u  persuu 
tn  eertaln  further  ilecislmis, 

Aiiiuiik  the  vnrlaliles  which  play  Impurtaiit  rules 
lire  the  ipailitltles,  sity  A'„  which  ilesiKliiite  the  limn* 
hers  nl'  cerliiln  types  nf  weapons  wlileli  we  nr  tlm 
enemy  may  have  imillahle  at  certain  times  ami 
places.  These  nirlahles  limy  he  ileclslun  variahles  In 
saint'  pruhli'ius,  mal  hasle  variahles  In  nilmrs,  In 
strategic  calculat Inns  une  Is  Inleresteh  In  the  viilues 
nl  V,  nver  fairly  lung  lime  luternils  mm  nr  two  nr 
even  mure  years,  In  I  act  feu  I  eiilculalluiis,  une  Is 
inleresteil  in  llm  nilims  uf  Y,  at  speellie  places,  ami 
nver  a  slim  ier  future  interval  uf,  say,  a  few  weeks  nr 
in< nit  lit. 

Wc  have  pruKi'cssi'il  far  eiiuiiKli  In  a  prellmimtry 
•  llseiissluli  su  lhal  we  emi  now  hescrihe  the  essential 
nail  central  fist  litre  uf  n  Ki'imral  t  henry  uf  air  wiirlnre, 
Tlm  cen  I  nil  feature  is  uhvluiis  ami  simple.  H  euiislsls 
merely  uf  spying  that  llm  plan  l‘  shuiihl,  In  fact ■  lm 
ehanieierireit  hy  that  particular  set  uf  hecishnis  l> 
w  hich  is  ivnrlh  mont  In  ns,  uiinmly  I  lie  set  w  hich  gives 
ns  the  largest  ina ruttt  nf  prutlt  the  lai'Ki'sl  excess 
uf  ret  urn  nver  cust , 

The  Wui'hs  /n'iif/7,  rc/ni'ii,  ainl  rest  i|ii  ant ,  uf  cuiil'sc, 
refer  in  wmlli  as  measured  In  ilulial’s.  They  refer 
rnlher  In  wlml  limy  lie  ealleil  iiiililinn  wmlli,  (tu  the 
prutlt  side  uf  tlm  ledger  une  Inkes  imcuiiui  uf  the 
destrneliuii  nr  utlier  suit  uf  linrin  which  Is  Imposed 
mi  llie  enemy  If  die  rntmept  uf  nililtaiy  wmlli  Is 
develupi'd  n hunt  rehdlvelx  decent  lines,  destriictluii 
iliul  lm  nil  lu  I  lie  enemy  will  he  euilUted  ns  I  lie  liiiii'e 
ndimhlc,  llie  mine  dellnltely  mid  promptly  this 
i lest! met iioi  mill  linrin  contribute  tiiwnrd  the  siti'ccss- 

I'ul  lermitmtluii  nf  . . ulllel,  hunger  rtuige  cun 

slih'l'iit lulls  Invulvllig  possible  future  cunlllcts,  Ituw- 
iwcr,  t  'ii  1 1  n  nl  snl'cl, \  he  cut  Indy  ueglcctcd,  ns  |s  well 
illustrated  hy  the  decision  In  use  the  iduliile  bomb 
mi  I  lli'iishlnui  ainl  Nagasaki,  tin  the  cust  side  uf  the 
ledger  une  must  Iniie  iiccimiit  uf  nur  nei'essnry  ex¬ 
penditures  uf  lullin',  dine,  critical  materials,  tummy, 
nuihh’lcl,  personnel,  He,  lu  sutnc  simple  cases  It  tuny 
lie  pusslhle  lu  treat  ml  lit  n  t',v  worth  ns  dowdy  toiidn- 
giiiis  lu  niuii-liuttrs  nf  hihur,  In  utlier  enses  tiuthlug  su 
simple  will  suitin', 

Military  wiirlh,  us  tlm  phmse  Is  here  used,  Is 
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abwnly  minted  tn  tlm  gi'iinul  cimeept  nf  iilitili /  111 
ecoimmle  theory.  Anil  the  reader  In  warmly  tutted  tn 
mill  tlin  iIIni'iinnIuii  of  u  mtmerieul  theory  nl1  utility 
kIvimi  (mi  |)iwh  Ifl  In  21>  mill  I'lnowhere)  In  “Theory 
nf  (liiincN  mill  Keumutde  Helntvioi”  by  John  vmi 
Ni’imimm  mnl  (lukar  MurneiiNleni,1  TIiIn  piiini'erlnn 
mill  lirlllimit  lunik  In,  It  nIiihiIiI  lie  |mliih>il  mil,  om- 
i  meted  In  i!  inoNt  Importniit  way  wit h  the  viewpoint 
here  lii'iny  prcwitted,  fur  ll  develupN  ii  larne  pnrt  nf 
till'  null lieueit  lea  heei'Himry  Ini'  theurle*  nf  fiimpeti- 
llvi1  iirni'i'NNCN. 

Hill  lINNltllllllU  tlllll  lIll'I'C  llllN  III 'I'll  lll'VI'1  Opt'd  II  Hill  • 
iHt'in'Inry  i'uiin'|il  nf  military  wui'lli  (Ini'  wlileli  we 
«v|||  i|*i>  I  be  lit  il  ii  1 1<  in  MW).  I  lien  Ihr  ruMiilml  fti'n- 
eei/urr  i \f  (l  ilt’HV’Vl  ((111117/  11/  ii'iii/ni'i'  in  In  ilrln'inhir, 
fur  tuiji  u/wmliiin  <>  n  ///an  /',  ii'/iiini'  uii/ iii‘h  of  Ihi'  ili- 
rininn  ini i'iii/i/cn  l)„  nmsi  min  /hr  inililiti'H  worth  ,\t  IT 

I, cl  1  in  try  In  iiniki'  IliU  «lliialinu  Hniiicwliul  lunrc 
clcii r  mnl  ilclliillc,  S'.  1 1 M n  1-1  ■  I'nr  1 1 n>  nioini'iil  lliul  it 
NiitlNfiii’lui'y  in iiii'i'i  1 1  nf  inlllt  11  ry  tuirlli  Iiiin  been  »le« 
vi  <|i  i|  mi  I ,  (bill  I  eel  1 1 1I1 1  iii'h  biivc  been  eliibui'iileil  I'nr 
e< hi i|iii t ili|£,  relative  In  11  nlvi’li  ii|ii'l'nl lull  O  nunier- 
iciil 1  mllitiiry  wni'lliN  uf  vm'IniiN  |iIiiiin  /*,  I  lint  In  In 
nii.v,  nf  vmlniiN  I'buli'i'N  uf  the  ilirUlmi  varlableH  l)„. 
in  fni'i .  lei  iin  Mill!)  11  ini'  I Iim I  I  here  Iiiin  been  i"i||hI  I'ni'leil 
fill'  {IiIn  tl| M'I'r.t loll  il  11  mi'i’ii!  Tililiriil-Slrnlrilir  linn- 
linin’  [THC],  TIiIn  11 1111 1 11 1 1 er  Iiiin  nne  11111I11  niil|iltt 
(HmI  l  lie  nne  wlileli  ilU|iliiyN  ‘lie  ml  III  11  ry  worth, 

1 1  Iiiin  11  nci'iiiiiI  hi'I  uf  1 1  ill  In,  nlie  fur  eni'li  nf  1  lie  iIi'i'InIiiii 
vniiiibli'N  />„,  \ud  Il  Iiiin  ii  Hill'd  net  nf  dial",  une  fur 
eni'li  nf  the  bimir  VarlableH  I  \ , 

Si  I)  >|  11  ihi  '  we  hciiI  iiui'-eb,  cn,  In  lliiuniimi  Inn,  bel'nrr 
ibid  liielleiil-Nliiilenle  cm n | >1 1  i ei  niul  piny  will;  ila 
ciiIiIiiiIn  fill'  IIiIn  |iiuii'nn  will  lllu«l rule,  niul  perliapN 
liiiike  mure  eleiir,  Niilue  lliinna  niiIiI  iilinvr 

We  nl  11  rl  by  hcIIIiih  In  the  iipprupriiile  miIiicn  In 

I  In  ini'  liimle  vmiiibli'N  I'  wbleb  lire  inn  Iff  enemy  run 
liul,  mnl  iIiunc  Iuin|c  viirinbleM  I  w lilrli  tire  uinler 
liulllie'd  eunli'ul  In  wiinc  i'iincn  (iin,  fur  eMiinple,  llie 
Ni'tfliiM  lime  fur  11  well-known  enenit  millulrerufl 
illreelui')  lliene  limy  lie  limerled  iin  ilellniie  lixod 
Viilni'N,  In  nl  her  ciini'n  (iin,  fur  e\utn|ih',  tvenllier  run* 

I I  It  Ii  him  uver  eerliiin  enemy  IiiI'kcIni  Hie  eumpiiler 
1 1 1 1 1  nl  be  eipilppeil  In  ueeepl  pit  111  mrli'i'N  wlileli  I’lmr* 
nelerlue  the  ntnt ini inid  lieluivlur  uf  Hie  ipimillly  In 
t  (ttCMt  toll.  In  nIIII  nl  her  etmi'M  (iin,  fur  example,  pruli- 

•' tfiiMiilltiillVd  nIkiiIIIciiiii'i'  In  nut  ri'uiili'eif  nf  I  be  ni'iiIu  uf 
ViiIiicn  uf  MW  Only  llneni'  urib'l'  In  llii|iurliinl  ,  Nlnee  liulti 
ciihI  mnl  pi'itll!  tin va<  liei'ii  I  liken  Inin  iii'i'uiinl,  nne  »e|.  nf 
1  Ici'InIi hi  viiI'IiiIiIik  In  iumnilil«iiiiiml,v  lii'llcr  limn  u  ni'I'uiiiI  nH 
Jil»l  1  in iv lileil  Hie  IIinI  set  IciiiIn  Iii  11  tni'Ki'l'  viillin  uf  MW. 
Him  inneti  liti'#er  In  uf  un  Impurlitnee, 


able  mil  ueeiinicy  nf  enemy  fire  frnm  flexible  «inm  in 
ulreml't)  the  computer  miiHf  lie  eipilppeil  to  accept 
it  /hi  ip  nl  viihicN,  Hell  ft  ik  Inwer  mnl  upper  limit#  to  the 
ipimitlty  In  ipieNtlnn;  In  tbnenmpiit.ltiK  prnwwN  which 
will  tnke  plitee  preNently,  IIiIn  particular  bttaie  vm‘l« 
(tliln  w  ill  lie  ulbiweil  In  vary  ever  I  IiIn  i>mI  limited 
<  filter  litiNie  varlnlilt'N  uf  lit  lx  Httitte  type  will  xlmllttrly 
vitr, v,  Inti  with  eniiNluiitly  ehminhin  pliHHe  relathiUN, 
mi  Hint  w  it  bln  it  nIiui'I  lime  I  lieTHO  Iiiin  in  fuel  token 
into  m'coiin l  nil  I'otnl ihml l> him  of  vnlm#  nf  Hiunii 
IminIc  viirlnlib'M  fur  wlileli  It  In  neciwtu  ry  to  enlimHln 

II  rmiKe. 

I  In  vllift  Net  In  l  lie  “enemy"  eml  "linliire"  IiiihIii 
vnrinbli'N  (but  leneinu  nin  1  it  nf  llie  nlber  liitule  vih'I- 

II I  He  ennlrnlN  iin  yet  unluiielied),  we  now  lii'Kln  In 
twiddle  llie  1  b't'ifNb  111  viii'liible  1II11U,  We  tuny,  fur 
example,  hnve  In  luimi  a  eerlitlit  Net  uf  llie  1  It 'dwli m  1 
vni'Inlib'H  ulie  MiiKncNled,  fur  example,  by  llie  Air 
I'ureeN  I  build,  nr  by  knllli,  nr  by  Nuuie  neiieml  with 
alt  iin| rom  1111  ii'u I  mmiber  nl'  Nlurx,  We  Nlal'l  In  ni>i 
iIii’ni*  valui'N  nl'  /)„  In,  nne  after  mini  her,  An  we  1  In,  fhn 
Inner  ciiIciiIiiHuk  loeehalilNiiiM  are  hi H.  In  upei'atlnll, 
mnl  vnlui'N  tor  In  Nome  ciini'n  liiillenleil  i'iuiki'n  uf 
viiIiii'h)  hey,  in  lu  uppciir  mi  tliCNe  IiiihIp  variable  dlitln 
w  lileli  tve  did  not  lull lally  ncI,  I'nr  eviiiiple.  If  we  Net 
nil  I  (i  one  uf  the  dccixliiii  variable  iIIiiIn  a  value  wlileli 

ei  11*1*1  >h|  mill  In  lu  llie  . . I'  a  fl-ln,  rneket  nf  it  cert  Mill 

type,  1  lieu  llie  biiNle  variable  iIIiiIn  eurreNpianlliiff  In 
fiaumeni,  annular,  ami  iiiiinn  d  IhI  i'll  11 1 1  ii  in  churiictef* 
iNlies,  uinve  liter  lu  proper  ncIIIiikn,  If  we  nH  a  tie* 

i-IhIi hi  vurlableillal  . . rri'Npniul  In  a  eertalli  mIkIiIIiik 

nvnIciii,  t lii'ii  llie  I uihIc  variable  din Ih  eurreNpumlian, 
in  piulnibllily  nl  diiiiniKi',  ele,,  Imlleule  rimneN  w  lileli 
eurreNpullil  In  HiIn  nVnIpUI, 

II  In  per  fee  1 1\  pudNlble  llial,  iil'ler  Ni'lliliK  III  a  cor- 
lain  11 11  ml iei'  uf  ViiIiicn  nf  ileciNluii  taiiabb'N,  llie 
Uiaeblne  In  Inuiul  lu  be  lucked  w  hen  ulie  Irlt'N  In  mil 
In  aiinlher  1  lecinb ill  variable  TIiIn  men uh  I  bill  llie 
1  lei'inb mih  iilri'iiily  nnule  In  fuel  ilctcrminc  llie  remaim 
Inn  1  b'l'inb mih.  The  enmplex  1 11 1 i‘i'ii>liit !•  iiihIi Ipn,  via  all 
I  lie  Imin|c  vuriabb'N,  b  nucIi  (mnl  perhitpH  ipille  mi* 
espeeleiliy  Hitch )  llial  llie  vurlutin  ibM'Inii him  me  not 
reaiiy  linlepeinli'ul,  !u  IIiIn  eime,  nne  punbeN  11  Hpeelai 
I  ml  Inn,  mnl  all  llie  I'emiiiuluK  « Icclnb  hi  vnrliilile  din  In 
move  iiiifninalleally  Into  their  neecNNary  |n mil Iiiiih, 

I  Iiiin  nIiuwIiik  wbiil  I'nrl  her  ileeiNliniH  we  are  perfuren 
pommlllcil  tn, 

In  eiiNe,  Imwever,  llie  ilneiNluliN  all  prnve  tn  be  In* 
ilepeialenl,  une  emitlimeH  uni II  nil  llielr  viiIiicn  have 
been  hi (f  In.  At.  (IiIn  jiinetiire  (ur  very  Hlinrtly  lliere- 
nl'ler,  etirreHpumllnK  In  wmie  Hme  tleluy  reiptlreil  by 
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ilm  computing  mooluuilmmO  flu*  milltnry  worth  illul 
IIkIiIh  ii| >  anil  ilinpluyM  ( I io  iiiimorionl  viilim  of  MW 
Only  now  < lu  I liit  foully  InlcrcHting  tiling*  begin  In 
lm|i|ion.  Mi'mI  (»T  nil,  olio  wnlehi'H  I  lie  vhIiio  nl'  JSI W  for 
n  I  lino  'lining  vvliloli  tlio  onin|nilf<i'  in  trying  "ill  till 
I'lllllllllIHlIollH  Ilf  ihllHO  IiIImIo  MII'lllllloH  fill'  ulllrll 
rimgoM,  mllior  limn  spoolHe  viiIiiom,  worn  mo!  In,  If 
*  ho  MW  vnrloH  widely  <  h  i  r  i  n  r  IIiIm  poiiml,  nno  nniy 
IHWMlhly  co.mlmlc  llml,  Imfnro  nl  loin|ii  Inn  In  pmccctl, 
I’ni’l  ht»r  I'oHoiii'oh  In  imecHniiry  In  ni'ili’f  In  ilollmlf  I  how 
Imnlo  v  minhlo*  In  inni'o  imiitmw  rmigi'M,  Oiio  limy  piny 
"till  m|  ii’i'l  III*  inii'n  nl  I  how  Inmlc  vui'hililo  iIImIm  In 
determine  w hit'll  0110  111'  iiiioh  ll  In  \\  Imno  nnooi  inlm y 
I'liiiliilinlon  prlmipnlly  in  iho  inwoitiiliiiy  in  MW, 
Nllllllni'ly  Ini'  Iho  linnlo  viiflnlilo  illnln  nil  w  liloli  Imvo 
1*11*11  no  I  Mpccilti'  III  I  III)  H*I'M  (nf  nlnl  Ini  lonl  pmmimloiM) 
ono  Hiii  ml ) III  llioni  nno  nl  n  l lino  in  noo  wlicllmr  iho 
MM  In  wiinll | volv  nl' nhittninhly  iiii'ii'iisoil  ihoioliy, 

hill  Ilf  gl'i'lller  pi'nlmhlo  lllloionl  in  iho  liolinv  Ini'  nf 

I  llo  \|  W  I II  ll  I  will'll  IIIIO  n  III 'I'm  I  III*  I  n  Inert  ni'l  III  In  I  ho 
lll'olninll  VIH'In  I  ill*  ( I  III  Ik.  /'in'  thru  noo  in  I'hniif/iilfi  ihr 
iiuliliii'ii  /i/f/n  fur  Ih o  n/imi/om  in  i/umlimi,  nml  in  oh- 
nni'nifi  iIii'itIIii  ti'hi'lhrr  Ihr  o/«*ii(/o  in  ritllli/  fur  Ihr 
brllrr  nr  fur  thr  irnrnr,  To  wok  I  lie  npl'ninnii  plnn,  nno 
"'illlil  nol  I  n  I  n  1 1|  ti'iit  I  Inn  ii  inoi'hiiiilnlii  whit'll  Ing.iln 
with  climiglng  plume  coin  ill'll  I  nliilln  nil  1 1  it  <  iloolnlnn 
(llllin  I  lil'nHHfll  e\  I’li'ri  nf  im'cohhII  i|i>  vnliion,  I  lie  i’chiiIi  llij( 
vn  I  non  nl  MW  being  M'oni'iloil  nn  thill  the  iimMiiiinn 
‘•‘•HI  ho  Ineii! oil  nml  ilm  cnlTi'Mpnmllhg  nol  nf  n|)l  lliiniii 
vnliion  nf  iho  iloolnlnli  vni'hilih'n  /)„  iloloi'iniiioil. 

ll  nl  n  ii  i  Ii  I  ho  mhiillloil  ul  mice  tlnil  mi  I’ninpli'li' 
nml  nn  fiH'iiin l|,\  iiH'i'ltitiilxi'i I  nn  iiimlvl ionl  procedure 
ilnnlilh'nn  lion  fur  In  Iho  fullin'.  The  npeeil  nml  |lo\l 
lilllly  nf  nn u Imii  iligilul  nml  mmlngiic  eunipiilhig  ilo- 
oli'on  ipnfl  loi  i  In  i  |y  I  In  mo  which  npoiulo  ul  I'li'olfiiulo 
n  1 1  n  pi  1 1 1 1 1  y,  n  pooi  |n  nlnl  Imio  vcA  |h\IM"  nml  ml 
nynloinn),  nml  iho  nooni'iM'V  nml  ninh|||iy  nf  nimloiii 
iiiilllhlngc  noc  vn  nvnloiiin  (pomill  1 1  up;  grout  IVooilnin 
III  III"  nno  ul  fooillinoli  Innpni  olfoollvoly  roimivo  liny 
pi'uotli'ul  i  II  tlh'ii  ll  Ion  ilno  In  1 1  io  cnnipicsilv  nml 
n i in n Hi l  nf  1 1 n •  inml.v«|n  linnlvoil.  The  ini  lnm  which 
pfovoiil  iho  prononi  oniinlinollnii  id  win  h  u  omnpnloi' 
IH'O  linl  I  In  mo  ul  I'lilllplll  IllU,  enlnploxlt  v,  npooi|,  oil 
I'lio  It'll  I  illlhonll  Ion,  ii  ill  I  llio  I  III  li  I  ll  I  inlm  nf  nnoh  n 
| Hi nm ll l l‘i’,  will  ho  ilinciinwi I  III  Iho  Host  noollitii,  hill 

II  noonirt  w  Imlly  likely  llml  I  hone  illllloiilllon  nml 
llinlln!  limn  oiiii,  nl  lennl  Ini'  imiiiy  (in  pi  til  mil  pmh- 
li'inn,  ho  overcome,  Ami  llio  prononi  mil  In u-  wmilil 
like  Io  link  llio  prophecy  llml  jnnl  nn  Wmlil  Wnr  I 
nnw  Ilm  Iilrlli,  mill  World  Wnr  II  llio  high  develop- 
ni«*n t  nml  olToollvo  lino  nf  tiro  oniilrnl  pioillolnin 


which,  ho  fn  nponk,  nnlvo  (lit)  hnnmdiulo  tnofhml 
prill ik'in  I'm*  ii  wlnglo  gun,  no  tlio  next  wnr  (uliniild 
Ihoi'o  ho  nno)  nmy  ronnll  In  I  lm  ilovolnpomiif  urnl  nno 
nl'  geimrid  hmllonl  eninpiilni'N  for  uho  In  Ilm  Hold  (nn 
nn  Iho  llngnlilp  nl'  a  fleet,  I'm*  nxnniple),  mid  ovon  nf 
nl  ml  ogle  onnipiilorn  itf  Ilm  illnpnnnl  nl'  Ilm  high  onru« 
mmol, 

12.5  CAMIONS 

Tlio  hint  few  pngoM  Imvo  ilonorlhoil  nn  Inmglmiry 
luiiohhio.  Tliln  ilow'i'lplliiii  will,  ll  In  hnpoil,  norvo  In 
nmko  olon  r  inn  I  vlvlil  oorluln  Iniiilniimnliil  unpooln  nl' 
w  Iml  ii  gelmnd  llmnry  nf  nil'  wm'l'nro  might  nniimlllim 
ho,  linl  I  him  OMiliipIo,  w  ll  h  II ,n  "Itiilm  llnldlil'l'g" 
inni'hiim,  riuin  llio  rink  nf  (thing  ooi'liiln  wrung  inn 
pronnlnnn,  Wo  Wiilll,  I Imrol'nl'o,  In  oxpl'CMM  hl'l'o  nnllio 
wnmliign 

I  \\  III  lllimo  wild  onliniilor  llio  pimnililllly  nf  nimli 
n  iimohiim  In  ho  w  Imlly  onnlrin  ornhil  nr  ihihinim  jnnt 
•  nrgi'l  ilm  Inni  fen  pngi'M,  nml  I'nnnlili’i'  l  ho  rout  nf  Iho 
I'lmln  nml  mgnnmnln  here  prowuloil? 

k’  Nn  in . nn  Impo,  nl  I hln  onrly  nlngo,  in  proilli'l 

Ilm  imliinl  fni'iu  nf  Ilm  iilllninlo  nelnuco  nl'  imrlnl  wnr- 
litre,  nn  i|olnll«  nrr  no!  In  ho  lukoii  inn  noriuiiKly. 

H,  ll  nmy  very  well  ho  llml,  I'nr  n  lung  llmo  In  iho 
1 1 it 1 1 if,  Ii  will  mil  ho  piMnililn  In  curry  mil.  minlywn 
nl  norlul  w ml'u re  iim  "iivoriiH"  hi  olmi'itolor  hh  llumo 
Imllonloil  In  llio  Inni  low  pngi'H.  hnl  llint  wnnhl  In  mi 
wtiy  I'oihmo  llio  liiipni'tniioo  nf  ifoullng  with  nhnplor 
in nii|n Hii'itl  pinl iloii"i,  nml  I  lion  w  in  king  gi'iulimlly  up 
In  Iho  Mindy  nf  w  Io ilo  npoi'iillniiH. 

I  Tlio omioopt  nl'  inillliiry  wnrili  Im mlnillloilly,  ul 
llili  nlngo,  lint  Ii  viigiio  uiul  illllhmll  I  low  oiiii  nno 
nmiiMiiro,  with  mm  i|iiunlllullvo  IiiiIon,  ho  iniiliy 
1 1 •  1 1 It h  nml  mm  ninny  nuIiHoi'm'  IIvoh,  nml  no  ninny  ilnl* 
hi i’m,  nml  nn  niuiiv  n ni i i  -l nn i im  nf  lulu «r?  I  inn  miii'o  llml 
I  mu  iml  nnw  piopnroil  in  oiiNWer  ll  inn.v  ho  llml. 
innro  i linn  nno  imlov  will  lie  inni >|i Itilili*  (mol  Iioiioo 
Movorul  m  1 1  pi  1 1  •  I  in  |w  mi  TM( ')  hill  l  hl'l'o  nro  (loop  nml 

•'M'ei'ien . I  niillimy,  ooniininlo,  nml  miiilytlonl 

nilmla  nvnllulilo  In  work  on  HiIm  pinhlom,  nml  nno 
iiIwiivn  ret iii'HH  In  Iho  Hi nlihiii'it  I'nol  llml  Ilm  nvorull 
i'«mii|iii rl«( hi,  whollmr  nf  liii'nnniii'iiMimihloM  m  linl, 
Inm  in  Im  i  mu  io  ojihor  I  ly  uimlyMiM,  nr  iiiuglo,  nr  lillmi 
gnoMM.  I  mo  Mlniply  uiguliig  fur  liming  Iho  oiiHtploMlty 
nml  Iho  fiiolM,  nml  piiMhlng  iiiiiilyulM  In  |!m  iinhIiIo 
I  hn  ll 

A,  Hi'iimiiihor  llml  it  gronf  ilonl  nf  priigroMM  I  him 
iihoiiily  hoon  hum  in.  Homo  nf  (Iiomo  iuIvhiioom  nro  ro« 
I'orroil  In  Inlor  In  Hoollmi  I'i.ll,  hill  itpnrl,  I'rnm  tlio 
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eneniirtmlng  pnigi'iwi  imidn  In  t ln<  windy  of  inllllnry 
prnhleiiiM,  hoi h  in  Ihb  «ni’  mid  eiirller  (nw  Mkelnlmd 
ill  Mnellntl  12,11),  I  Imre  Iiiih  been  ii  ginut  deni  of  mom 
IiumIu  unit Iiimiih I |co I  work  which  b  relevmd, 

HelVrenec  Iiiim  been  Hindi1,  in  Hcellnn  12.1,  to  tin1 
imwi'i'fnl  niinlywiw  of  n  mi  pi  <1  It  iv«‘  pmecMHi'H  i*ii  i  rii<<  I 
out  by  von  Nciiliiiiiin  mid  MiirgenHtem.'  1 1mri'  urc 
ninny  fiirtlmr  tiii|iorliinl  piece*  of  reMciireh  to  Im 

found  In  llin  Inrun  lilnruliirn  of  iniillininiillniil  . . - 

iminloH,  In  nddllloh,  llin  umiuUbillve  ecnlogblH, 
iddi'il  by  oiilnbiliililig  hiellmtnnllelniiH,  lunn  dn- 
vnlo|H*d  nxlniixlvn  ipimililiil  Iv  IIicoi'Ich  of  llin  mini 

|  ml  it  Ion  of  two  or  morn  |iojm!nl  Iiiiim  lor  . . I  Hiipplh'H, 

nil*  'I’lm  lllnrnbirn  of  noin|mllllvn  biologicul  nvnleiiiH 
Inin  bit'll  lin'gnly  developed  In  I  In*  grcut  Itnlimi 
i  mi  I  lii’inn  I  li'liin,  \  N'oli  nrui  ,u  llm  Uimrli'ini  ubilbii- 
nlmi  mid  lilo|iliynin|ni ,  V  ,1  Lni  kn,'1 1  In*  li'r«*n<*li  bjolo- 
gbl,  (inoi'gf*  Tn|n**inr,  mid  llin  Itlinnimi  biologbl , 
<1,1  I  0111*0, 4 

I J. o  Itll  l  K  t  l/m  s.  Ol'IM  liMNs.  W»> 

cm  mum  s 

III  llm  iiliovn  doni'iipl  Ivn  rniinil'kn,  nil  nor  In  of 

diltinilll  inn  limn  1 . 1 1  ovnilooknd  or  blillmli  *lun\- 

olo, veil  iilinnd;  we  will  |imi»n  nt  Ihb  |ioilil  to  toko 
Hillin'  imnoiint  of  tlmm*  ion llmv, 

To  try  in  nrunn  llmi  n  gcimnil  ilmmy  of  nir  wnr- 
I'nrn  b  nnn\  lo  nminlriinl  would  lm  n»  rldiniiloiin  iin  Ii 
Ih  iiniu'nnnniir.N  Tim  problem*  urn  of  llm  gi'iivenl  pnw- 
nil  lit »  1 1 1 1 1 II  III  1 1 1 II  *< ',  iilnl  of  Htuggcriug  enliiplexlly  Hill 
Ihn  prill ilnlnn  nm  nlno  ol  compelling  ilim'iii'lnr.  Ill 
ninny  itiHhiiiccN  (mid  during  wur,  In  puiHlndlv  nil 
IliHlnnnnw)  llm  | irulili'liim  urn  nnlikn  nniliv  i (ill’ll !•  ill-* 
III  [Him  wnlniii'i*  Tim  nlmk  1ml  b  1 1  m  I  |ironi|il  dc- 
i  ImIuiim  hui'r  lo  lm  Hindi  n  | <lu n  ow'ollnnl,  good, 
Hit  i  lb  in  rn,  or  iIIhiimI  rniiH  /in*  In  bn  ndnplnd  mid 
I'nllmvnd,  ll  b  li"l  n  (|U*'hI|oIi  ill  iiinm  tiilnllnnliml 
ciii'liinlly;  llmm  b  liol  mi  llidnllniln  miloiliil  ol  Hum 
t  lit  i'll  iu  w  lib'll  on  limy  plillo»nplib.n:  mid  ll  limy  lm 
tlllnrly  dbnwtrniiM  In  Innrii  only  l*\  Irlnl  mnl  rum 
I'mlnr  Himli  I'lrnniiiHlmwoH  ll  i»  mulls  fullln  mid 
Irrnlnvmil  In  knnp  rnmmkliig  t  bn  I  llm  pioblniiiH  urn 
noinplli  nlnd,  hi 1 1 1 1 In,  mid  dllllnnll  l  M  i'oiiihi'  limy  urn! 
Mill  llm  briilnl  1'iirt  b  Ilml  limy  iuiimI ,  lor  Imllnr  nr 
worwn,  bn  wolvnd  Tim  rnlnvmit  i|iii'hI|oii  b:  lnn\'* 

U  t lii'it' liny  inlvuuliign  Inlmgulnod  from  infimlng 
lo  nt  I  ml !  or  limn  enuipInxItloM  olid  dilllnill  In*  wlileli 
urn  In  I'urt  Inlmmul?  lion  do  "Judgnmiil"  mid  "ex- 
pnrli'imn"  mid  "I'oiniuon  hi'iihc"  nopn  n  llli  hiiuIi  prnli 
Il'IIIH?  Ill  Hillin'  IlIHlnlll’I'h  ll  IIIIIHf  III!  I'Olll’l'HHI'd  lllilf 


limy  do  mil  nope  n!  nil,  mnl  id  mi  t  Mii'ho  worib  urn 
nicrnly  lined  n«  liiliub  In  novnr  up  u  iirnjudlnod  gill'** 
Hindi'  by  Hoinnoim  in  mil Imrily,  In  nflmr  eitNiw  In 
iiiohI  nii hi *w  llmm  Ih  midoiiblndly  im  nutter  mnl 
1 1 1  ii  ii  *Hf  nllniiipl  In  Invoke  expei'h'ime  mid  In  nxembe 
judgmcul  nod  I'oniinoii  mciikc,  Hill  Judgment  butted 
oil  nxperlniii'n,  to  llm  I'xlent  Ihlll  ll  b  I'lllloindl.V 
ill llixeil,  liniHt  limn  I, lie  problem  of  deciding  find 
enrbdii  fi'iiiuri'H  of  llm  |>i*nHenl  do  or  do  not  nnrrcliiin 
wll.li  llm  |  ini',  I  Hint  b  lo  miiv,  iuiihI  iiho  I  lie  hum- 
Ivllniil  mnllmil,  Slid  wlnil,  linlnod,  urn  Hindi  cIToiIh 
ollmr  limn  ilbnrgnulimd  mid  fnnldy  Inbilllvn  hIhii Iowm 
of  ti  rnid  iiiinlyHb? 

\ny  mm  wlm,  willi  n  bimkgrmiiiil  of  hcIciiIIHc 
Induing,  Iiiih  wulelmd  llm  proneiliirn  of  dneblon  hh  If 
HMiimllnmH  o|mrnluM  in  niilllnry  nlrnli'H,  Iiiih  very 
likely  niidnd  up  willi  n  1  reiiiei idi him  pnixniml  ulli'iin- 
I  it  hi  lor  llm  vu-l  iimjorily  of  Hiimnrn,  liilcIHgciil ,  mid 
put  lit  H  it*  ollInni'H,  bill  w  till  dbnppollil  luelll  ImnnilHU 
of  ilm  fi'ti (iieiu  1,0'k  of  lenlilliniil  eoinpnleiii'n  ill 
di'ujnioii  levob,  mid  w  ll  Ii  dblniHl  for  wlinl  HOinnllmnH 
l  rnveb  n h  "noninion  hoiihi'," 

l  nm  ol  llm  iiiih)  |  in  rn  ly  xiugNcI*  of  fi  ri'i  1 1  iihI  u  iii'kh  In 
wliinli  lo  iiini't  ihn  1 1  i  Iin  'ii  1 1  inn  of  miHoiiiidlv  liiiwd 
I'oniliioi!  nmiHU  i«  III  i'i  mi  ini')  loll  w  ll  ll  w  lull  oil'1  limy  i'll  II 

i  he  "hero  problem  "  A  yiminr  mid  exl  rniunly  niipuble 
pilot  uoi'H  through  n  long  mm  u'Crihln  Hinge  of  nombiil 
e\perleiinn  I  In  b,  by  Ihb  I  Inm,  n  lb'll Intiiiiil  eolonel 
or  even  ii  eolonel  I  It-  Ih  liili'lllgcid ,  illul  lm  ohvloiiwly 
b  nxpnrlnlinnd  lie  b  brought  himlt  lo  Kgllu,  or 
Ihlnudn,  or  Wright  Idnld,  or  WuhIiIiih) mi,  mid  Im  b 
Hiiidi  b  'i  i  Is  put  III  ii  poHition  of  very  m  ii  i-ii  Ii  ■  ru  I  tie  rn- 
h| n iiihII till t ,\  willi  Jm  bd lei  loo  over  Innhiilnii!  dnebloilH. 
lie  1 1 1 1 1 V ,  for  exempli'.  In  noiieniimd  with  wiglib  mill 
Hlghllng  loenlimibm-,  \u  nngllinni  ,phydi'bl  ,nr  Hint  h- 
i'iiiiiI li'lmi  who  Iiiih  been  wlndylug  «lghli*  InlniiHlvnly 
mid  iM'lmbnlv  for  Hiwenil  ynui'H  nonmH  lo  lib  denk 
lor  liilornnil Ion,  or  lor  bunking  The  eolonel  iIioiiiIih 
ihroiigh  llm  niulnrlid,  !iirn«  ii  lit  lie  pule  ni  Ihn 

ii  in  1 1  it'iiiu  l  Ii'h,  mid  limn  «udi*i '«  on  nonm  mm  I'euliirn  of 
lb<  night  wlileli  lm  think*  |h  like  Honm  ollmr  nlglil  lm 
olii'n  bind  mid  didn't  like,  A I  mien  lib  I'rniil  line 
Mieiibiiluiv  "prliigH  into  uelloii,  mnl  Im  mukuH  ll 
(nu(ily  rlnnr  ilml  lm  dbupprovi'H.  If  llm  Inehuinn! 
expert  hu\h  "Hut  (  oloiml,  don'l  you  ihlnk 

lie  in  liilnirnpli'd  willi,  "Huy,  Iblnii;  I  liuvn  Imnn  up 
I  Imre  with  till  'hi'  *  *  *  «  »  e  nlmollliU  III  llin,  illul  I 
know  wlnil  I  urn  bilking  ubmil  I" 

S  in  I  you  h  »i  ib  nl  llm  triple  row  ol  rlblmiw  on  lib 
i'IichI,  mid  you  urn  dnvimlly  llimikfiil  to  him  I’nr  lib 
yniilli,  hU III ,  mnl  Inn vry  mid  Umrn  b  Jimf  no 
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deueiil  wny  lit  which  you,  u  tlmmiitli'iii  Hlity-iil-hume, 
i'iih  l rll  him  l liul  he  In  wrong. 

Tlml  Ik  whirl  wuh  iimnnl,  nhove,  hy  Him  “horn  proli- 
Imiii,"  TIim  wornl.  ol'  li  |m  ilinl  HiIh  imergi  lie,  |inl nolle, 
mill  iillogi'Hier  Hum  young  mini  in  oI'imii  wrong  Thom 
HIM  MHwi'iit till  moiii|*Im.vIHm«  iiiii I  hiiIiIImIImh  lo  Him 
lii'olilem  wlileli  lie  I  him  iimvmi*  llionglii  of,  Mini  for 
wlileli  IiIh  ImmIiiiImiiI  I  milling  Homm  mil  ul  nil  i'i|iil|i  him. 
IIIh  own  hli'iin  IniVM  Iimmii  hdlexlhly  hcI  hv  IiIh  own  ex- 
IimiImiimm  iiihImi'  Him,  lie  limy  lum1  immi I  n  very  I nn I 
niglil  iiimI  very  hud  laelien  lull  If  I Iim.v,  in  fuel, 
en  nidi  him  lliroiigli  nlh  c,  il  i«  heroin  I  I'i'iihiiii  nr  Iio|im 
Hull  In*  will  ever  he  ulijerllve  nhiiiil  I  hem  lie  limy 
even  he  Hie  nori  who  thinks  Hull  Hie  hi'ImiiHhIh  lire 
wauling  l  heir  I  line  InlMi'lMi'liig  wllh  Holdicr*  in  uliul  Ih 
iiI’Imi'  nil  Ihrir  lumlneuM  (iih  if  II  were  mil  Hie  hiiuiucHH 
of  nil  of  ih!),  \  i  n  I  lie  pi'til  in  lily  t  h  1 1 1 U  m  Hint  Imlli  lor 
miloiiiul  le  in  mu |  ii ui  mil  hilreriifl  nml  |ilmie-lo-|'lmu' 
lire,  "nil  you  Iiiiv  e  lo  Ho  |«  look  nl  I  lie  I  rneorw!  Then, 
Doe,  you  hmc  ii  nil  with  your  own  eye*,  mul  you 
ilon’l  iii'i'i I  liny  of  Him  giuhlmii  inn l Iimium i Imm  "  Tlilu 
h  vvlml  lie  enlln  "I'oimnoii  hi'iihc," 

Il  in i i«l  he  I'Miiieiuliereil  Hint'  iinliv IHiinl  einiiluil,  ih 
I'NjU'i'lMlieeil  III  I  lie  Ah'  I'’oi'1'mm,  ih  ii  highly  \  11  tin  I  i|c 
e \ | o > ri< i o o 1 1  In  |iruhnhillly,  ho  HiiiI  iIim-m  hid<vMm:l 
I'Niii'i'leni'i'H  Ho  mil  nieioi  liiueh  n  |  ui  it  from  Hie  toiul 
MV  lih'liee  IkoIiim  of  Hie  iiionI  imoorliuil  of  vvhieli 
vx  i  mill  I  in  ve  lo  he  given  hy  Hem!  inciii  Hiimmmhh  Ih 
oil  i'll  lll'lueveil  heeiillHM  of  (lie  |imi'ho|iiiI  rlinl'lielei'Ul  ieu 
ol  Him  iiiii  ii,  n  w  I  in  *plle  of  ml  her  l  lum  I  mviiiihm  of  IHh 
ei|lli|llllMiil .  I'lii'  text  jliloliv  ol  oiilHlnllilllig  i  i  ii  1 1 ji  II  III  In 
|h  then'll  ire  I'luelly  mi  firgimieul  lor  mil  >•!  n  m  I  Inu; 
iinllviHuiHn,  I’uHiei  i Inin  lor  or  nguiiiHi  mis  |nu l ii'ulur 
I'ieei'H  ill  i  <i  |i  1 1 1  >i  i  ii  'ii  I  iii  ii  1 1  \  |  mil  iii  t  lo  i  I  eel  1 1  ■  ii  1 1  u 'm. 

rill'll'  |h  mi  In  I  en  l  inn  iii  i  in  |  il\'  lluil  Hiieh  well 
In l i'ii I  Ii 0 u  i  I  mul  eseelleui,  In 1 1  iii|n|iIiu'i  H  ollii'er» 

roiiHlIInle  Ihe  innjoiily,  I  In  Ih . uilrury,  one  of  the 

kI rouge*!  mul  liiippli'Hl  IiiiIii'i'hhIoiih  of  Hie  nmImiiIIhIn 
who  Iiiii  e  worked  with  Him  Hit  vice*  i*  Him  lurge  mini 
her  of  iMiilIv  exeelh  ill  ollieel'H  highly  llllelllgeiil 
mul  Miiergeile,  nml  men  nl  line  ehmiu'ler  The  |iu!iit 
heing  iiimi le  here  |m  I  hut ; 

I  Ijllrcrn  rn/mm/  In  n< Inn  tunin'  Irrhnmil  iinij/riuiin 
to  ul  In  ii/mA’i1  avwuincwluliiiiiH  uu  Ivclnuriil  ill  n/n/uni  iiIn 
rthtntlil  hr  rhiiNvn  fur  llwir  Irrluiii'iil  Irtuntiifi,  mil  lin  n 
lull !h  e,r/Hi'O  M('i  Such  nJlirri'N  h/imm/i/  hr  f/U'iu  crnlil  fur 
Irrluncnl  Nirrnr,  nml  nIiuwIiI  hr  niiiiiiliuiiul  ulnhlfi  in 
niii'Ii  nervier  Imifi  roiMig/i  in  iiiii  At  llwir  Irclnncnl  roni/n- 
hurt  rjl'evlirr 

Due  of  Him  iiiohI  oiiluliinHIng  I'lui m oi I'l'lnt |en  of  n 
. . .  until  ulmiilil  Iim  ii  know  leilge  of 


hlu  own  limll.nl  jonn,  him!  ii  wlllingimg*  lo  wok  miH 
uei'i'pl,  morn  expnrl  advice  limn  lie  uun  hlumnlf 
I'u ni hit,  lie  wliould  lie  nhii*  lo  hrlng  uu  iinemufluiml 
logle  lo  heiirnii  I  lie  Htirvey  of  inohlnmu,  mul  hnulioulH 
IniVM  ii  enimi'lly  lo  rue  ignliso  mul  ii|i|u'Mi'lufp  Um 
mnjor  puliil*  In  u  leehrilmi  iii'giowiil,  uven  l  lmiigh  ho 
liMi'Hoiinlly  eoiihl  mil  uonulnu'l  Him  nrgumeiil,  All  of 
Ihe*'  eommi'iilH  urn  elowely  emiiineli'il  wllh  llu  do* 
Miiuhlllly  of  I  hi*  hrlellng  of  ofiluui'H  nl  I'm  Huelulon 
ImvmI  hy  it  enm|iii|i'iil,  h|ii'I'IiiIIkiu|  nIiiIT, 

Tin'll'  Ih  gin  ii  I  nvlilnnee  1  lull  1  he  point*  juul  emphn- 
Hixuil  lire  well  ieeogiilm<H  hy  eerluin  highly  plneeil 
ollleci'H  hy  (ii'iiernl  Arnold  lilinunlf,  lor  e\muph', 
Hill  1 1  n  II  Ml  1 1  ti  o  I  ely  he  phi  IIM  III  retire,  mul  ii  new  Hl'l, 
of  lop  1 1 1*1 1 mm  iiiiihI  he  eonvlneeil  nil  over  ngitlo. 

Mill  lel  ih  I'i’liU'li  tonin'  mil  III  HichIh,  Wm  IniVM  liuli'il 
uluive  n  i*i ti imI< h'l'n 1 1|< *  miniher  of  Hie  kllidu  of  I'neloi'H 
whirli  enter  into  nil'  wnrl'me  prolili'iii*. 

No  one,  pri'Hiiiimhly,  would  iirgue  Ilinl  Mill'll  fiielm'H 
nre  i  in  In  1 1 1<  m'I  ti  n  I ,  And  if  |  Imro  me  oilier,  dondiuoilly 
more  in  1 1 1<  m’I  n  li  I  I’neloi'H,  I  lien  hy  nil  iiimuiih  lel  llmni 
In'  Inouglii  forwiirH  hv  their  propoiieiiiH,  mid  II  will 
nl  niii'e  he  ngreed  Hint  Himhi'  I'neloi'H  fnl'lei  Hii'lr  Im* 
porluiieo  I  him  hiHeed  heeu  i  >m1  m  1 1 1  )mI  h  <i  | )  mI  ii  n  i  IH  lie  In- 
eluded  in  .“i|eh  Heliei'U'. 

No  one  vvinilH  pi'i'mmuihly  Huiiy  t lint  mllllmy  oper- 
nllniiH  hIiouIH  he  enuiliieli'H  In  iiecnrilnhi'M  willi  Hie 
I'lnii  which  pi'ohiNcx  In  give  Him  gi'eiili'Hl,  nel  imIiiiii, 

A m I  who  I h  picpim'd  lo  ehiliil  Hull,  oil  Ihe  IiiihIm  of 
esperieiiee  mul  In  I  nil  i<  m  i  nml  judgnmiil,  lie  enu 
In-iliml ly  mul  mv  xicrimixlv  proiluee  hiiIuHouh  vvhieli 
lie  denier*  emi  he  |ii'odueed  or  Improved  hy  logic  mid 
ii  nn  Ivmim'.1  rile  eoueepl  of  mlllhiry  worlli  iiiii, v  very 
well  he  n  iuohI  diltleiill  one,  lull'd  lo  m | >| il.v  lo  Hpeelfle 
muhmh  Ihil  |l  II  |h  In  fuel  u  IiiihIc  eoueepl  wlileli  phiyu 
mi  iiiev linhle,  even  llioiigh  rill <'ii  u  hhlHcii  mid  un- 
ri'cogulxi'd  role,  vvluil  vlrliie  |h  lliere  In  dlHregiii'dlng 
If'  Nothing  U  lo  he  gullied  hy  Him  iihI rlcli-llkc  pin- 
eedure  of  Imrylug  our  IimuiIh  Iii  Him  hiiiiiI  In  iry  hi 
eHeupu  einii|i||eiil loll  mill  dillleillly  Till*  complli'ii- 
t Ion h  1 1 1 1 v I*  Iii  hu  ftu'i'd,  mul  Hie  Hoonur  limy  iil'i' 
hrmiglil  mil  II 1 1 o  (lie  open  mid  Hiihjecli'd  lo  logii'id, 
i|iimillliillv'M  miulyHlH,  Hie  heller, 

Il  will  he  urged  hy  hoiiim  Ilinl  II  Ih  very  dillh'illl,  If 
•i"l  Imi | ii uhnIIiN',  lo  di'viHM  nny  <|umi!lliillvn  iiii'hhiii'i'h 
of  worlli  wlileli  emi  lie  npplled  ullkn  lo  fiielorli'H, 
nlilpH,  food,  nlri'i'iifl ,  iomu,  Mle,  AilmlMcdly  mid 
iiHHiireilly  II  Ih  dlllleiill ,  lull  II  Ih  pnmlyiiliig  mid  hmII- 
defenl lug  to  iuIiiiII  Ilinl  It  Ih  IiuiiiihhIIiIm  In  fuel,  itfty 
judguieiil,  lui'ludlug  iIiiihm  )u'iidui'i<d  on  llu*  myxleih 
oiih  IuihIh  of  "jiidgmeni "  or  "I'spnrli'iiw,"  iti'Uiitlly 


t'ONKIDKNTIAI* 


l»im<;UI/riKN(  OIMHCTIONM,  tlOlJNTKH-AHMIJMKNTM 


aim 


hiii I  neeoHHnrlly  IiivuIvok  niicIi  ovulimthniH.  It.  rneii*iy 
involve*  Ihem  which  would  not  miumu  to  I  hi  nny 
m|hu'1hI ly  proud  advantage  In  n  c(um'**sili*«l  and 
unanalyisitbli'  wuy. 

To  ii.  ;e  that  the  problem*  urt<  Ion  I'ompllcnlod  to 
Hoivo  Ik  (not  In  repent  again  t hr  oIivIoiim  rejoinder 
1 1ml ,  complicated  or  mil,  limy  luit'r  to  In*  Helved)  to 
(lolly  tin*  whole  lilwtory  of  iiiuii'h  emiipteHt,  through 
tin*  litinghmlive  power  of  tin*  n imlyt ii’n I  mind,  of 
eumplieated  prohleiiiH.  Huppnmi  tlmt  tin*  nlimde 
IiIivhIi’IkIk  or  IIh*  I'OKinolojtiKlM  or  i In*  genet  IcintH  had 
heeii  roiitoiil  to  Kny,  "No,  tin*  fni’liH  mi*  loo  Hiihtlo 
o m I  Iiiiii'i'omhIIiIi*,  llu*  prnlilooiH  loo  I'ooiiillriili’il!" 

It  Ik,  tnoroovor,  liii|iorlioil  to  meognlxc  i lint  iihoIoI 
roKiiltK  i*n ii  come  fiino  m  nIiiM  wlilrli  Ik  mlinll ti*il!y 
llicnmplele  ii  ii*  I  him'i’iiiiile,  \  IH'oi'Ihi'  iiiiiiI,vkIk  nt 
rrli\tion*liiiiM  In  KoiootimoK  |iohkIIiIo  i>vi,!i  though  tin* 
iinnicrlcnl  \  nlnoM  of  l  lie  viirioiiK  iiiimmi'tiTM  Ih*  \*  holly 
unknown  \ml  t lii'ii  it  niiiy  turn  out  tlmt  eertiilii 
vi'cy  important  *  *  <  o  h  *  I  *  t  ~  I  •  •  1 1  ■**  Mow,  ■•v*,u  tlmiiuh  ooi* 

I  urn  to  mu  ki*  w  I  lil  i  'Hi  i  ii  in  i  I'm  of  ml  ulu  till  Hr  nil  piiimu- 
I'lOI'H. 

TIiIk  Ii i m|  poliil  Ik  i i o | m  il  l  ii i i I  ciHingli  In  di'Norvi'  II- 
IiihI i'll) loll.  MnppiiHi'  iiiio  wInIion  Ii . .  tin*  rolu 

I  ivo  olToi'l  Ivi'Iiohn  of  I  w  o  ii  lloi'i  in  I  i  vo  m  oiiinii‘iil«  lor  n 
lighter  |> In i ic  ( ho \  eight  Alt-i'iillhi'r  whig  gold  voiwih 
lour  kiii'Ii  w  lint  no  i  ik  mill  two  mil  nil  eon'ioui  TIiIk 
|‘| Iln| III iIki lit  i|i.|ii'|ii|m  on  ii  i'imikIiIi'I'iiIiIi1  linuilii'r  ot 
liii’li ii'k  lire  1'iiiiti'nl  iiitiii im  Ii'k  mill  \  nliii'i'iilillilli'K 
I'lilolly  which  iii'o  very  illllli'illl  In  omIIioiiIo  with 
noy  lii'i  i i in i,v  lti|l  If  ll  luiiiM  mil  llml  one  iikI<k  hov» 
I’I'lll  lll'l'KIIIIK  III  OKlilllllll'  llu*  till*  lllllllol  lll’llirill'il’K 
innl  .lie  N'oliioriilillit li*K,  mnl  rccelvcN  very  ili**|»ii n» •  •• 
loplli'K,  mnl  if,  In  k| 1 1 1 1 '  of  thin  dlMiigrccmciil ,  ll  liirn* 
out  llml  for  otii'li  mill  every  mil iiiii«l ii n i  of  kmcmhcn, 
oiii'  nmimoi'Ul  I  iirtm  out  to  ho  Kii|ii'i’lor  In  I  In*  ollii'r, 
limn  I'li'io’ly  I  In*  iiiiiiI,vk|k  lion  |mn|i|i'i'il  u  icniiIi  llml 

0\‘l'l'l  llll'K  till'  llillil'llll  il'K  Ilf  I'Kl  lllllllillll  III'  (III  I'll  Oil'll 'IK." 

Mirny  prulili'iiiK  of  is n i In ro  involvo  prulmlikllly 
I'liliKiili'iiilliiiiK,  mnl  1 1 1 Ih  Ik  ii  Hi I  ivlili'li  Ik  imliiriiiiiKlv 
tricky,  mnl  within  which  "cinmimn  kciikc"  Ih  oIIcii 

I I  ii  1 1 1  <  lii'lph'KK.  The  iii  1 1  lii  ir,  for  i  '.mi  i  ii  |  ill  *,  know**  one 
lillli'  inuinihillty  i|iii'kI|oii  which  emi  very  nlcch  he 
1 1  hi  >i  I  ii  k  ii  IiiikIm  for  Iii'Ih.  \i'I  i  iii  I  l,V  llic  i  ■<  Ii  Ih  for  (lie 
I ii'i'Hi hi  who  iiiiiIcikIiiiiiIk  (lie  gnmc  me  nlmol  llirei< 
In  line;  lull  If  Ik  ho  i|cci'|il Ive,  mnl  mi'oiiih  lo  miv 


"I*  M  H  llliicto'll  liiiKKiilili  "No  iifi'ttiiiinl  iiriilileiii  kIhmiIiI 
lie  left  mini t *'iii|il el  1  fm  liii'li  of  I, rm ■(  iiiiiiii'ili'iil  iluli,  fe|'  *il •  i‘H 
ll  Ih  fniliiil  mi  ilnliiK  die  hiiiiIvhIk  llml  hiiiiii'  kIkuUIcuiiI  i'iiii- 
clu»iiiiiH  ri’i'iiimiii'iiilliiK  i'iiiiui'i'Iii  iiullnii  cun  he  ilimsn  even 
with  very  hiiihIi  iliiln." 


uommon*KiitifMi  piuHon  mii  liiir,  llml  Urn  uitthor  lines 
felt  liiniMolf  tnomlly  runt  i'iiIiiim I  from  playing  the  game 
w it  Ii  nny  peiKoiiK  other  than  profeNnloniil  KlatiHtlelaiiH, 

I'ixuinpleK  of  n  Hiniilnr  Hurl,  mil  very  readily  he 
fontiti  In  inilitnry  prohleniN.  l*'or  example,  what  in  t  he 
oplinoiiii  mixture  of  ui'innr-piereiiig  [A  1* J  mnl  In- 
eeiiillury  miiiiuiiiitloii  for  tie*  rear  gmiM  of  u  Imiulmr? 
HjmeiliciilloiiK  nlfeii  ditHignnle  Hiieli  niixItiri'H  iik  five 
A  I'  In  two  Itiei'iiilinry  (we  ere  neglecting  tmcei'M  here), 
Why?  The  Honiewhitl  Htriklug  mnl  hy  no  ineittiK  olivl- 
oiih  fuel  Ik  llml  ml  veil  nny  lived  type  of  target  ll  Ik 
heller  lo  Imve  either  nl!  Al*  or  nil  ineeiuliiiry,  do- 
( idol  Ion  on  Ihe  mil  lire  of  die  target  Tim  JUKI  I  lieu  lion 
lor  nny  other  ill l.i'i’liii** lin I «*  inlxliire  nimnli!  he  Iiiiki'iI 
on  knowledge  of  I  he  relative  | in il nihility  of  cimulllllcr- 
log  ilitfiTi'iil  target*,  ci'i'tiiin  of  which  woiilil  lie  more 
Miliiernhlc  lo  Al',  mnl  oIIii'I'h  more  vuloeriihle  lo 
iurciidlnry.* 

\k  mmllmr  i'sii in| >h<(  coiikIiIci  Ihe  effect  of  a 
weiilher  IoicciikI  for  u  cerliiln  fillin'*'  military  iiper* 
ul  ion  To  overKini|illfy  die  pi'ohleio,  KiippoKe  l  lull  one 
I*  only  liili'i'i'Kled  i*i  whether  (lie  weiilher  Ik  good  (( I) 
or  I  in*  I  ( Hi,  SiippoK*'  l  lint  on*'  cun  in  Home  way  iimhIku 
llm  relative  lollilury  worth  (MWi  for  dm  lour  |u*k- 
Kihlc  ciiki'k  i Inil : 

I  The  fori’CiiKl  Ik  *1  mid  llm  weiitlmr  actually 

IniliK  (nil  lo  lie  ( i, 

'2  Tim  I'oreciiNl  Ik  l»  mid  Ihe  weather  liclimlly 

IIII'IIK  mil  lo  he  It, 

!f,  The  I'oreciiKl  Ik  II  mid  the  weuliier  net uiilly 

l oiii-  out  In  lie  It, 

I  Tim  I'oreciiNl  Ik  M  mid  the  weedier  ucliiully 

InriiN  mil  In  lie  ( I. 

I iiu ai vcticiiKi',11  iri'MiiopI*',  I  lie  M  Wi  of  ciinc  I  mlglil 
he  exceedingly  lui'a1'  mul  | ii ik| | |ve,  mid  die  M\V«  of 
i'iikc  U  x’l'i'.x  Ini'K*'  n  in  I  lii'KUtive;  while  MW  ,  mill  MWt 
1 1 1 1  ul  1 1  1 0  it  1 1  he  iii  i  ii  Ii 1  ini  i'  or  hi  iih  II  (TIiIk  wi  mill  lie  Ihe 
cane  of  mi  i >| >i 'nl I Imi  which  Ik  very  liiipoi'lmil  If  «i ic- 
CI'KhIIiI,  i|Ik|IhI  I'llllK  if  IIIIKIICCeKKl'llI,  lull  wllll'll  could 
lie  |  ii  imI  |  m|  led  mill!  In  1 1*|'  wilholll  U  l<’0 1  Iiihh.)  W  lllll. 
hIioiiIiI  he  die  weiilher  IoicciikI  If  one  wIhIich  In 
loiixhiiixe  llmcx|iecled  worth  of  llm  npci'iil lull? 

Ak«Iii  llm  miKwcr  Ik  HlrlldiiK,  Kiiuplc,  mid  mil  oh* 
x'Iiiiik.  Anyone  w  Im  Ik  iulereKled  con  lliel  n  iIIkciimhIi  ii 
of  I  IiIk  |  h  i  il  il< <i 1 1  In  n  reference, r* 

To  conclude  IIii’kc  (wo  exampleK  ll  tuny  he  w  ml  Ii 
while  In  polnl  mil  thill,  I'l'oin  ii  liiidlieliuilleiil  point  of 
view,  they  are  mil  Kepurale  mid  dllTcreid  exiimpIcK, 
lull  merely  I  wo  HIiinI  rut  Ioiik  of  u  hIukIo,  hIiii) »l»*,  I  iiimIc, 
Iiioilyllciil  fuel  TIiIk  piiitit  Ih  iiiciitloucd  liecmiHe  If  Ik 
hy  no  memiK  lilvlul,  Him  of  llm  liiiporliiul  reiiKOHH 
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the  analytical  op|o*imoli  la  | uiwi’t'fitl  la  t tint  It  mI  rl|>H 
off  tlu*  riinfiialiiK  anperllelal  iiwpoct h  til'  problem*,  ami 
expoaea  tlit'li’  linw'i'  logical  atriictnre,  Ami  often,  when 
thin  inner  wtriiftni'f  Im  expoMed,  it  tiii’HH  nut  to  iff 
liigleaHy  oiplividi'iil  In  Miiuif  n(  lift’  im|  i  tint  it  <ii  already 
Mt  i it !l< 'i  I  mill  muI veil. 

In  certain  niMi'M  tlif  iuiiiIvmIm  will  reveal  tint!  tin* 
(Innl  i*i 'mi lit  (nny  tin1  tnllltiiiy  worth)  in  extremely  In- 
MfiiMlIilf  In  tlif  vnliii’  ill'  n  eertiilu  pmnmeter,  That 
fiiet  nl'  IlMfll'  limy  lie  til'  great  int|tnrt ititci'  In  oilier 
i'ii mi 'm  It  limy  I  uni  nut  in  lie  lnipi immIIiIi*  (nr  In  nny 
event  liii|iiiiftli,nl)  In  UMalgii  Miillleleul  l,v  ilfllnitf 
vnlni'M  In  (lie  vni'ti n im  IiiimIi'  vmliililfM  m>  In  permit 
anything  Hhf  n  nnlijiif  <l«*l t’l'iolim!  !••>)  of  the  military 

worth  nl'  n  given  | ilnn .  Hut  ll  inny  never!  Iiclcaa  I . I' 

t< \ l ri’ii if  I n t|tmt n i in'  In  ilfllniit  the  1 1 il n I  range  uf 
|)iiMM|li|||l|fM  TIiIm  Im  In  it  wny  iiiiiilnguim  In  llif  prn- 
eeilnre  of  the  i>i iwin< il< iM.I’*t  lie  dura  nut  linve  ciimigh 
mu1  iii'eeiMi'  einiintli  liifminnl  Inn  In  eoiiMlrnet  n  I'niii* 
plele  theory  of  I  he  milveiMp,  Hul  lie  etui  Miifeefil  In 
fHliihllahhig  the  fuel  flint,  of  nil  iiiimnIIiIi1  iiolvcraim, 
the  ne! mil  line  Iiiim  |ir<i|»ei  t len  whleh  lie  w  1 1 h i 1 1  eerlnlli 
M|ifell(nlile  riiiiKfM.  Ami  then  lie  Iiiim  m  ilellnltf  I'ruine* 

w i nk  nl'  . . .  uinl  fiiii  >.yMl eiutil li'iill.v  relloe  Ilia 

mmlyala  mnl  iiiotiiw  ll h  liniltM  uf  nnee rl iilnty. 

Tliere  Im,  moreover,  1’iirllier  liii|iii'M»lve  mnl  praell* 
fill  evlileiiee  III  favor  uf  ii 1 1 e ni|it Iiik  •  ho  i|imitl  lint  i\  e 
niialyHlM  nf  complex  mIIiiiiiIoiim  Involving  elenmnlM 
whleh  Meeni  In  elinle  i|iniiil  Unlive  m|  leellli'ii  I  It  in .  I''nr 
IIiIn,  III  fuel,  Im  iirei'lMely  wlml  wiim  thilie  with  Miieh 
milalnndhig  Miieei'MM  hv  eerliihi  iipei'Ml Ininil  I'fMeiireh 
Until | in  timing  Ihe  wnr,  I *n iI'cmhi ir  I'  M.  N,  Hlnekell, 

I  ii  w  In  mi  Im  line  mu  ninth  uf  I  lie  mui'i'I'mm  ul  the  Hill  ImIi 
t  l|iei'iil  Ininil  HfMfiii'i'li  nellvlly,  Iiiim  mc!  forth  I  lie  cm- 
Menee  uf  Ui|m  mnl  ter  III  ll  lirllllnol  mill  ili'i'ejitlvely 
iilivliniM,  I  up'  really  |iriifuimil  |ni|n*r  enlltleil,  "A 
Niile  mi  t'erliiln  Am|H'I'Im  nf  (lie  Met  In  n  lull  HO'  "I 
( >|  leni  I  ii  il  in  I  IlfMeiiri'h,"  T  \ml  fur  n  eliiMMie  e\iiiii|ile 
uf  MiieeeMM  In  dealing  with  n  very  complex  nit  mil  hoi, 
the  11'inler  mIiuiiM  mIiiiIv  the  Admiralty  I  t|iei u t luiin I 
Hi'Menri'li  re |« n  l  w  mi  the  eonvuy  |irulileni,  ur  I  In*  tiiiM- 
hie  mnl  erllleiilly  hnpurliuil  paper,  "Air  I  HTi'iimIvc 
Agnln«i  li-ifiiniM  in  i he  liny  nf  iiiMi>ii,v 

It  Im  reel <u,i i I mei I  tluil  prmilenlly  nil  uf  Ihe  really 
I  in  mil  nillllnry  |in  il  iletiiH  me  ehiirneieriReil  liy  great 
complexify  iilnl  liy  the  luck  uf  n  great  deal  uf  iieeuriile 
l  ll  ii  i  lerleu  I  i  lilt  ii  ,  The  |ni  il  iIi'Iiim  me,  iim  Iiiim  lieeii  em- 
phaalitfd  liy  Hlnekell,  inure  like  the  |irol ile iiin  uf 
lilolngy  Mini  eeiiliuiilli'M  '•  I  hull  Ihe  pi'ulilcoia  nf  phvalt'a, 


'i  llennmilier  Hie  I'ulii'lllitlliK  remurlnt  nf  Henllnli  DM, 


Ami  therefore  one  emuiot  reuMomilily  liopo  that,  at 
leant  for  aurue  Horn  In  enme,  wn  will  have  complete 
Ii ikIiui I  theurleM  uf  the  u  priori  Mort  which  have  been 
mii  HiieecMMlul  in  pliywIeM  ur  iiMfromiiny,  One  tnual 
iiMinilly  lie  content,  iim  Hlackett  hi  at  oh,  with  vurl* 
lit  It  Mini  IhenrlcN  whleh,  like  nail  male*  nf  nmi'glual 
pruflf,  Mlinly  the  reNponae  uf  the  military  worth  to 
clumgea  III  the  iIoi'ImIoii  vut'ltihlcn,  often  iimIiik atiitlatl- 
enl  iim  well  iim  minlylleu!  methoda  nf  eatlmaflng 
illflVrcntlnl  eueflh'lenlM,  mid  making  maximum  mm 
nf  uperiil Ininil  eoiiMlimlM  iim  well  iim  i»|ii'i‘nt lornil  fttlie- 

I  Ii  him, 

The  uperiil lomi I  i'iiiimIiiiiIm  mid  Ihe  iipernflutial 
fillieliiiiiM  einihllliile  Minne  of  the  iniiMt  prei'luilM  Hint 
deurly-buiighl  ci'miiHm  uf  eonilml  experience,  Them 
ri'MidlM  kIi< mid  lie  iIIm|!IIci|  uni  uf  the  every  day  ex* 
perleiiee  nl  the  front  liy  the  Opfinllulia  IIcmcui'cIi 
pei'Miiniiel,  mid  Mlimild  lie  llilj iiirl uni l,V  Miipplemenleil 
liy  iivcndl  i'iiui|inriHiinM  nf  I  lie  elTeellveneMM  nl'  nper* 
ii t ii 0 ih  In  vnrluiiM  Ihenti'i'M, 

TIiIm  lailer  type  nl'  eviihiiitlini  Iiiim,  grinded  the  luck 
uf  jo  lei  |iin  t  «•  leehiiieal  and  iimilytleid  iiMMlMtaiiee,  lieen 
eiiiTted  mil  during  World  War  II  wllh  aklll  mnl 
ohjeellvhy  hv  viuimiM  grunpa  and  for  vnrlmiM  tireiiM, 

S  je led  cxmiiplc,  for  liiMlniiee,  Im  Ihe  report  uf  the 
AAF  llvnliimiou  Hoard,  i'mille  Aren  1,1  A  detailed 
cximihinllofi  of  liila  ImiieMt  mnl  aide  repurl  would 
convince  anyone  llnil  crrnra  had  lieen  made  which 
emild  have  lieen  initlclpiiti'd  mnl  prevented  had  hi  ill  I- 
eleiilly  lirond  alodlcN,  uf  Ihe  Mini  urged  herewith, 
lieen  carried  mil  and  the  intuit *  itliliteil, 

Thruughuiil  tlila elmpler  Ihe  allimapliere uf  Iim dla- 
commImii  Im  the  iilinoaphere  nf  war,  Many  of  the  re* 
mu rk'M  Imply  tlmt  MindleM  were  I  mlng  made  ii'liib  n  mm//' 
lit  fitiiufi  mi.  Tlieae  aliidieM  lire  nliMiiliilely  eaMClil  lid,  fur 
the  e< niiph'sll >  innl  oilier  elmriielerlallea  uf  (he  pruli- 
leniM  lire  Much  llnil  pritgrcaa  riililnil  very  well  lie  made 
nlthuiil  knowledge  uf  the  uperiil  Ii  mill  euiiMlmila  and 
upeinllmiid  1'iiiielluliM  men  I  lulled  JiihI  nliuve, 

Hul  even  inure  eiupliiiMlM  nIiiiiiIiI  lie  given  In  file 

II  . Malty  llnil  uni'll  xiilijerht  hr  nhuliril  i/n/'/ii(/  the  //eui'a 

ii/  pence,  I’rcelncly  lieeniiMC  the  pruhleilia  are  an  dll!! 

cull ,  we  have  III  lie  chilli . I  making  liiipnrlmit  prog* 

u<mm  mid  of  being  In  ualruiig  mid  well-prepared  pieti* 
tlmi  uuleaa  a  hiiI imI an! ini  and  n  anal-allied  rt'ai'Hi'i'h 
pi'ngriim  In  HiIm  Held  he  curried  nut  after  the  war 

llel net'll  wara  ll  la  ililllenll  II'  lint  linpUNalhle  In 
give u M i'ii t Ion  elTeetlvely  In  detailed  (eapeeln.il, v  uper* 
nl  It  mu  I )  |  in  d  del  on  uf  1  he  Mini  refert'i'il  to  Intel'  III  tlila 
elmpler  iim  mlnro-pi'ttlilenia.  lint.  JiimI,  fur  (lint  reiiMim 
we  ahuithl,  bet  ween  wara,  aeek  In  develop  the  frame* 
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work  unit  toohnlipio  for  tin*  Molntioii  of  I  ho  hrniid 
(,1  Ik*  imioro*)  prnliloinM, 

12.7  l*HfK;RIWM  IN  WOHI.I)  WAII  II 

Ax  hnn  I)ooii  liollonloil  by  I  Ik*  rt'innrkn  of  I  ho 
IukI  cool  Ion,  Ihoro  wiw*  Hiilmtmillol  pi'iiki'ohh  diirlliK 
thin  «nr  hi  l ho  i|imoll!iil-lvo  iu»iiI;vhU  of  mllllury 
prohloniH  Indood,  tlio  ulllb.nl Ion  of  loelinlmil  oxporlH 
Ih  by  no  iooiiiih  now  or  rooonl.,  Tlio  Trojnii  Ibirm*  win* 
proximmlily  donlipsml  by  hiiiiio  iiiioIoiiI  Omloroo 
Mlnnm  Him  Dolbi.  Ai'oIiIiiioiIom  wiih  llio  \'  Ihmli  ol 
Hyriioiiw*.  Nhijiolooii  liiiil  ii  bon nl  ol  loohuloiil  ml* 
vIhoi'h.  Tin  iho  who  or  no  Inrito  oxloimimi  of  llio  iim*  ol 
imiily  I  li'ii  I  141**1 1  n  n  Ih  wiih  of  ooiiiho.  bo  omil  mu  toil  by 
I  wo  oxtromo  hi’oii|ih;  oiio  will  bo  i|iillo  cortiiiii  lluil 
llio  wlioln  lilon  U  I'lnloiiiiry,  iiiiiiooonhiicv,  n  in  I  Impon* 
pill il<> ;  llio  othor  will  bo  oi|iinlly  rorlnin  llml  | in *|m- 
Kiioiln  for  llio  iilon  Ih  i  |  ill  I  o  iiiinoooMiiry  hoon'ino  llio 
notion  in  »o  i ib I  noil  ho  nlivliniH  llml  ovoryono  Iiiih 
iiooo|iloi|  II. 

Tlio  proHonl  iiiiIIioi  'h  iihhooIiiI Ion  with  ri'Hoiiroh  mnl 
ilovoloiiinoiil  priibloniH  In  World  Witr  I,  llimiuli  lull* 
iniilo,  wmh  on  ii  vory  junior  lovol,  ho  llml  ho  Ih  mil  in 
u  ponilliiii  'o  provo  w  lull  lie  novorlholo-H  Ih  roiiHoiniblv 
hiiii' Ih  I  rno,  Xiininly,  1 1  in  1  Ihoro  wiih  n  I  llml  I  In**'  vory 
III  I  lo  otTool  |  vo  iiho  of  1 1 1  in  n  1 1 1  nl  I  vo  ii  only  I  Ion  I  I  Iliukhin; 
In  ooiniool Ion  with  llio  iiiHlriinionl  ilou'lopnionl, 
nml  prnluibly  nono  In  ooniioollnn  with  Inolionl  or 
Hi rn I i'kIo  | ilit in*.  Ii  Ih,  liowiwor,  inloroHlhiK  lo  imlo 
llml  l,'rei|c|jok  Wllllniii  I.iiiioIiohIoi'  wrolo,  hi  Mil  I.  ii 
Korli’H  of  pnpci'H  onlllloil,  "Airornfl  hi  Wnilnro;  Tlio 
Down  of  iho  I'oiirlb  Vrm  "  "  I'npor  No,  \  of  lliln 
hoi  joe  ooiilnliiH  llio  |  mi  niKi'iii  ih : 

’I'Im’H'  ho'  imiiio  who  will  hi'  1 1 i*'l 1 1 o *i I  lo  *'iivli  nl  mi.v 
t'tol lii'iiiol  tool  or  n  ull  mnl  lii'iiinl lonl  I  ion!  ini'iil  ol  lliu  ini'Himl 

milijui'l ,  on  I  lie  nt'iMiilil  llml  with  HO  IIKOIV  link  III  IV*  n  fnoli  n**, 

hiii'Ii  iih  I  In'  iiimuli'  in  I or  i  hu  mi'ii,  I  ho  in 

I  Ill'll  I  n  III  lll'llll'llln  of  Mil’  WI'll|ioli«,  mill  I  III'  Hllll  linin'  1111 
Know  n  'I'hnui'i'H  of  wnr,'  II  l»  ililhuilmi*  In  pri'ionil  In  I'lili'ulnli' 

II H.v I lilHK  Till' IIIIHWI'I  In  ililH  |h  H||||||||':  llm  ilnoi'l  . . . 

i'oiii | mii'Ihi hi  nr  llm  fnri'i'H  1'liKnKli'K  hi  . . Ilirl  or  uvnlliihli'  In 

dll'  I'VI'lll  Ilf  will  l»  II 1 1  III  IM*  lllllVI'I'HIll  Ii  Ih  II  hll'llll'  iiIwiivh 

niri'fiilfv  •  oi'Ui iiioi I  wiih  by  llio  vhiihiih  iidlll noy  mil hmli li'«i 
U  |H  iMhi'iihhi'iI  in/  iiiniHiiim  In  llio  IW  Not  hiii'Ii  illri'i'l 
•MillltlillK  of  foll'i'H  |H  III  IlHoir  li  Ini'll  l»*’«'*'| il ntll'l*  of  dll'  II|I 
lilli'n  hilll  v  of  mill  lii'iiinl  li'til  |  nil  n'l|  iIch,  lull  I'oiilliH'il  In  n 
H|inulikl  iuiho  To  in'i'0|il  w II lioiil  ri'Hi'i  vi'  llm  ini'll*  ‘i'oiiiiIIiik nl' 
llio  (ili)i'on'  iih  of  viilno,  mnl  In  ilony  llio  uiiiro  oxloinloil  up 
|i| loivl  loii  Ilf  mnl  lii'iiinl  lonl  llii'oi'.v,  Ih  iih  IIIukIoiiI  nml  uulii 
I  oil  Iki'I  il  iih  In  ni*oo|il.  hiimilly  nml  liiillHi'i'fiiiliuilolv  llio  hnl* 
mii'o  nml  the  woikIiIiik  iiiiii'IiIiio  iih  IiihIi'iioioiiIh  of  pini'Miiii, 
hut  In  ih'i'llim  In  (H'l  lull  In  llio  lull  or  oiiho  mi.v  iilluwniu'o  fur 
II m  known  liii'i|iinlll,v  of  lovornK''. 


I'l'imnnhiKi  Hi')  prlrmiplo  tluil ; 

Tlio  flKhlllif*  HfroiiKltiH  of  two  huIIIWh  urn  mpinl 
whon  UioMi|iMiroH  of  llm  niintrriml  tinmgth  inilltl* 
pill'll  by  fill'  Jlyhlinfi  vulm  nf  Ih r  i  ml  will  mil,  uni  lx 
nr**  oi{iiul. 

Durliift  World  Wnr  II,  mid  nut  kimwhiK  of  thin 
onrilor  work  of  LiuicIiohIoi',  ii  nml IipiuuI I**Ikii  iwhooI* 
ii  I  ml  with  AMP  wrolo  it  pu|ior"  wliloh  roproilui'oil 
mill  oxb'iiiiml  llio  provioiiH  i'I'hiiUh  of  LilllolmHloi', 
«|vliiK  ohIIiiiiiIoh  of  Hiiioh  roipilrml  mid  vioInrlmiH 
I'orooH  ii'iimlnlim  wlion  olio  inllllnry  or  inivid  form* 
iiiooIh  ii  worn  ii  it  1 1  Tin*  mil  Inn'  il  Iho  IovohI  l((iilml  llio 
<  1 1  in  1 1 1 1 1  ii  1 1  \* '  DHprn  Ih  of  iHvIhIiiii  of  fol't'i'H,  nhnwinR, 
for  oxiiniplo,  llml  n  lli'Hl  foroo  noml  bo  only  71  |»«*r 
omil  iih  Hlroiin  iih  ii  Hi’i'oiid  In  llipildiili'  llio  lullor 
lolully  If  llio  loi'inor  bo  olovor  onniiwh  lo  iimnoiivor 
llio  liillor  into  n  |«  mil  Inn  wlioro  IiIh  fnrooH  nro  loin* 
pornrily  divldml  in  Iwn  lllbor  piipoi’H  In  I  IiIh  Hold 
nolo  w  rll  Ion  by  n  Tulin  f  'olloijo  (iroiip  working  unitor 
llio  iioh| tlci'H  of  llio  Hpoolid  I  fovli'OH  IJIvIhIoh  ol  Iho 

Niivy. 

Ilofori'iii'i'  him  Imoii  iinulo  iilinvo  lo  Iho  hi'llliiiid  nml 
i'rll li'idly  iiHof'il  iiiudyH'H  ourrlod  mil  dnrliin  lliln  wnr 
by  tlio  ill'll IhIi  Aid Iii Irt-rnf I ,  (  iuihIiiI  ( 'imiiiiiiiiuI,  mid 
Adiiilrrilly  I  iporulioiiH  Iti'winrli  jd'oiipH,  Hhulliir,  mid 
uIho  hinhl.v  hiioi'ohhI'iiI,  gi'impi*  opornlml  In  ooiilim'llou 

w  ith  our  for . .  Iho  oiilHimidiiiK  oxiiiii|iIoh  lining  Ho- 

no, iirli  1 1  roup  M  wliloh  Inin  IhI*i-  I  Ih . ml  ml  iiIiiiI.vhIh 

fill'  llio  iiiillHiiliiiiorliio  1'itiii) iiiIku ,  "I'd  Iho  ujioriit loiiiil 

Kn,npH  iiHHlitnod  In  llio  vuriniiH  ilimilr . .  by 

llio  AAI'\  TIiIh  Ih  no  plnoo,  nor  Ih  llioro  nny  Hood,  lo 
ii'limiiHO  II . . . .  I  how  (iron |ih,  bonk¬ 

ing  nl  mu  own  I'lTorl  I'roiii  ill  »»* n|i|i*,  lull  from  llio 
x  mil tiK*'  poliil  of  I'uirly  i'Iow  ri'liidoiiHlilp  from  Iho 
lliiio  of  dii'  lli'Hl  oi'Kiiiiimilliiii  of  llio  Ib'llUli  \  \  Itriiiip 

■  uixx iiul,  llio  niilhoi'  would,  howovor,  rbl*  Iwo  . . im* 

ini'iidiilhiim  i'li'nl : 

Thul  o rn;/  imfmrtniil  iirin  nf  I  hr  Srrrirv  dorWnp 
ff/MTiifimud  lirxrurrh  i/rniipx,'  Utnl  llml  in  mlihlinil 
fit  tlu  uhmilnlrti/  I'wnmliiil  ili'oiiim  in  I  hr  llirnlr oh,  Ihrrr 
hr  unr  in’  more  mil  mi  rm'irlnliiifl  (P'oii/m*. 

Tlio  iilmoiioo  of  hiii'Ii  I'oiilrid  windy  nml  mirmlnllnii 
HootiiH  lii  lliln  milhor  lo  ho  n  uli'lklng  wonkiiow*  In  llio 
A  A  I'1  w'liip,  mid  iih  I'vldoiil  hIiviikIIi  In  llio  Nnvy 

mi iIhiiI mm iln*'  ho l up,  Hi . ml,  nml  In  H|illo  of  llio 

<  ml  nl  ,i  in  li  ii)i;  poi'Hoiiid  i  p  mill  Ion  of  Iho  poi'Hiiniiol  wliloh 
rooriillod  nml  nrgiiiditoil  llio  A  A  I1'  grnupHl 

Thul  I  hr  rrmiUnirnl  of  fJ/,mif/imid  Itmwr  h 
lirrmmiwl,  I  hr  iiifiiinitnlimi  of  I  hr  x/fxlrw ,  nml  II  m 


CONHDMNTIAl, 


WHtriU  itimihn  of  it  he  ivirr/W  out  by  hwliturally 
teal  net!  jmrmnnwl,  mtiuiltuy  inuthemntleittim,  phyei* 
viete,  enf/inm'K,  juyvhotogiMti,  phyeiohigiete,  H<\, 
but  wtth  it  minimum  of  lawyer*  nml  urohiterte, 

In  Kfiglwnd,  It)  lidalil Ion  to  tin-  Oimmtloiiiii  Itr- 
iwui'ch  grnnpH,  n  lorgn  amount  of  genera!  mmlyMlM  of 
**!•*  wurfrtii'  wiw»  uirrlnd  out  hy  Ihe  pxIoiimIvo  grniip 
working  iimli'i'  1 1  to  ill  rent  Inti  of  Dr,  L,  II,  (',  Cninilng- 
limn,  (Vrliiln  of  IIiomo  MtndloM  relate  to  mllier Mpeelfio 
dotulUi  lint  otlii'i'H  are  grave  mill  iiMidid  ntleniplM  to 
tncklo  rut  her  liroml  prulilam^,  miii'Ii  mm  Cimnhighiim'M 
mvn  I'xlumlvr  miuiI,vmIm  of  ulr  iIiioIh.* 

Miiii.v  liiimmiM  anil  illviMimiN  of  mir  Army  ami 
N/iv.v  rixTiiltnl  unci  nliluul,  of  ton  with  gruif  otTer- 
IIvpiiphh,  liolli  i'IvIIIhii  iuh|  uiilforiiioil  hiiiiI.vhI h. 
Almrdeen  Proving  ( in  mini  (|iiirtlnilnrl,v  lln>  (lalilntla 
lliwnri'h  Imliiirntory),  t In*  t >iilttniii<i>  I >i*|iiol inoiit , 
tin1  Nil  vii  I  lliiri'ioi  of  I  )i’<  1 1  in  iii‘i<  noil  Hie  I  in  run  1 1  of 
Acriiiiniitii'H  (inirlli'iilnily  nl  |ln<  Xavnl  lloHunreli 
l.iiliorntory,  Inynkern,  Patuxent,  ole),  llm  Army  Air 
I,,"i,i’i*m  timrtii'iiliirlv  ni  Kglln,  Drliniilo,  Wright  Kleld, 
nml  l.tirrdn)  lira  imly  n  fmv  arnt t aroi I  lint  innnat ant 
liiatn  tii’i’M  with  wlili'li  tin1  a  ill  line  iui|>|H‘ii«  to  Im  ha . 
•nl Hu r.  Many  iIIvImIuiim  of  |in>  OHIII)  hinl  huge  nml 
exrelloMt  group*  ol  iiiiiiI,vkIi«  of  viirlmiM  tyjii'fi,  |l|- 
vImIoh  1 1  (Hnilni',  Divlulmi  tl  (Hnlwnrfiii'o  Warfare), 
nivlaloi*  7  ( l*’lii*  t  'out  roll,  Soot  Ian  T,  nml  tlm  Ap- 
plioil  Mat lii’i im i ii’H  Panel,  holug  perlmpM  i ml atn im IIiik 
ImhIiiiii’ok, 

In  iinoi.v  porlmpN  In  iiIiiionI  nil  of  tlm  ||(. 
at  a  nnm  inoiil  Iniioil  In  l  la*  ni'iittoroil  nml  friigiiioiitnry 
ll«t  jnul  given,  tin  iiiiiiIvnon  won*  rnliilnd  to  wlml 
nilglil  lio  cii IIimI  llio  loli'iii-llioiiry  of  wnr,  rnllioi'  limn 
llio  iiiiii'ro-llmory.  Tlium  tun  onpiommIiiiin  uni  ho 
glvui  imiro  npoollli  i lollnl I li ni  iif tor  oorinlii  iIImi'iim- 
hIoiih  nl  tho  next  nlnl  oonohiilliig  moi'Hiiiim  of  HiIm 
i '  In  1 1  it  or  lint  lay  iiinrriMhoory  Im  iiminil  llio  goiiornl 
nlnl  hroinl  iniiilylloiil  Iliunli'M  iIImoiinhoiI  In  Ncotlon 


IwlinirtnoH,  viilno  of  luorumoil  uooiimoy,  npomHiig 
ootiill I  loitH  III  theatre,  until ro  of  target,  etc,);  /uni 
fht‘li  iiiio  In  porforon  I'ueed  with  u  mnorn-prohlem. 

Thu  Kraut  prognwi  irmilo  during  World  Wnr  If  hy 
muny  grnii|m  nml  iigonoloH  In  tlm  mihiHon  of  mlorn- 
lirnliloiiiKldiif  ron I  dlgnlflmimo  fnrnmaero-theory;  for 
tliodt  riiotiuvof  tho  innorn-t  henry  reipdreM,Mii  toNpeuk, 
hiiokN  to  I io  laid  up  Inin  tho  wall*,  and  general  Mho* 
print'*  f"r  tlm  dudgii,  Tho  Indlvlilind  hrinkd  nre,  In 
ninny  hiMtnnrrM,  tlm  eolnl  Inrtn  of  inlrrn-penhlninM,  If 
llioiio  niiIiiI  Iiiiim  wore  not  iivitllidilo,  mill  If  wo  Imd  not 
IliiiH  lui rnoil  now  to  niiiko  hiiok*,  thoii  there  mi i roly 
Would  Im  Hull'  Motion  In  trying  lo  drum  up  elnliornln 
lihioprlnts  of  goiiornl  pltiiiw. 

A  very  lingo  f rnot Inn  of  llio  nollvltloM  of  AM  I*  who 
ilirai'l ad  Inwiird  mhIiiIIoiih  of  military  mlero-prnh- 
h'tiiM,  Niirlniii  of  llio  nioro  lni|iortinil  llolilo  of  inlorn- 
prnliloiiiM  ore  rovlowod  in  other  pnrllniiN  nf  AMP'm 
llnnl  report  nml  ninny  nilorn-prnhlnniM  In  ulr  wur- 
fini'  nro  roforrul  to  In  other  ohiiplorM  of  HiIm  voIiiiiio. 

It  Im,  however,  n  Mpoollln duly  of  thlMoImptor  to  ropnrt 
lirlolly  on  twii  Ml udioM,  enrrled  out  iitulor  AMI*  iiiim- 
plooH,  w  I  ill'll ,  while  not  nnliudly  innoro-thonrotlo  In 
i'Iiii i'iii'I or,  nl  Ions)  room  nlodor  lo  having  goiiornl 
iMoilud  nr  “Iruloglo  Moopo  I  him  do  iuomI  other  AMI* 
mIiiiIIom. 

The  fanner  of  Ihi'MO  mIihIIom  liognn,  hol'oro  AMP 
wiim  oi'i'ii loi |,  lindor  llio  miMplooM  of  the  iimdvtlonl 
Moollnn  of  the  I’lre  Coiilnd  DIvImIoii  of  llio  NDMC, 
Hinl  U,  under  Hoot  loo  A  of  DIvImIoii  7  Shire  the 
(  hiof  nf  AMI*  Im  iiImo  Chief  of  Heel  Ion  A,  DIvImIoii  7, 
llm  Intel  iriiiiMillon  lo  \.MP  uilMpli'OM  wiim  hurdly 
iiollnoiililo,  Tlm  la  I  tar  Mindy  In  Im  ropiirteil  hero 
oniii"  vii  I  her  hile  In  llio  hl-dory  id  AMP,  Tlnw 
AMP,  ulmlnor  ll  did  In  lioiwoon,  Mlnrlod  nml  nmro 
"i  ''lull'd  with  I ii irly  gi'hnrni  mIihIIom  nf  ulr  wnr- 
fnro,  Wo  will  now  lirlolly  deMorllio  Hiomo  Iwn  mIihIIom. 


12  I,  wlion 'im  hy  nni'i'ii-lhoiiry  Im  mount  llio  iitnilvl lanl 
Mindy  of  tnni'li  nioro  di'lalhil  imililoniM  wldoh  uni  ho 
ImiiIiiIoiI  from  goiiornl  liiotlonl  nml  Mlrnloglo  uniMlder 
n  I  Iiiiim,  niii'Ii  hm,  Inr  example,  n  mIiiiI.v  of  how  nnn  h 
llio  Ihmetirol  neuinny/  of  n  linmlmlghl  uin  ho  Im- 
P''"Ved  l»y  eorlidn  oliungoH  In  doMlgn,  If,  In  oonlriiMl, 
ii***'  " Inht'M  In  Mindy  not  llio  Ihoorvlirnl  iiouirno//  hot 
llio  fwurtifol  o/utii'riioMM  of  llio  imnllllod  hinnliMlglit, 
I, lion  lie  iiiiimI  hike  Into  aouinnl  oil  moi'Im  of  gonernl 

oiitiMidomlloiiM  (I mining,  . . ntlonnl  Mlmplhlty,  In- 

glNlh'M,  I  lino  dalnya  In  ohntiglng  oipdpinont  nml 
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12  7.1  Mtnily  of  Alternative 

I'ltfl* ter- Plane  Armament  m 

TI'Im  Mindy  mix  we  out  of  llio  onlhiiMhiMiit  which  n 
low  ol  i ik  hnd  lor  l  wo  powerful  and  pioneering  piipot'M 
roiioerning  ii  innlheimillud  thonry  of  nlr  unnhiil  *«. <» 
Mo  mIiowpiI  and  pi'tdMoil  Ilium  paperM  In  vhHoiim 
1 1 IIIooi'm  of  iho  Army  Air  l''oreoM  nml  nf  the  Nnviil 
Hnronu  id  AeinnniilleM  until,  In  Melf  defeiiMo,  they 
Miiggewl u I  Hint  wo  try  lo  dlgOHl,  mid  Mlinpllfy  Hiomo 
I«M**"m,  Intei'iii'otltig  thorn  In  terniM  tint  mo  formldnhly 
"•"Hieiniillml,  Then,  when  they  hnd  been  nldnd  to 
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tin  undordtnmilnK  of  what  had  lioon  duno,  tlioy  pm- 
pmsod  that  wo  apply  tho  damn  nr  dlmllnr  iiioIImhIh  In 
a  prnlilotn  (law  wmilil  not, 

Tho  flint  atop  whs  iwoiiinplldhitl  liy  two  ropnrld, 
tli#  firat  of  wliloli 18  Kit vo  im  ntitlhm  of  tho  two  Hrltlnh 
paper*,  anil  tho  aoooml  of  which  11  gavo  a  mmmntho- 
nmtloul  expedition  of  tho  two  |>n per*.  Thi*m*  ropnrld 
worn  math'  tho  IiiinIn  for  an  oxtoiulod  niiiforonon  with 
AAK,  Bureau  of  Aornimiitli**,  ami  It AK  poowinnol; 
wo  wort*  thou  naked,  iim  tho  m*roml  atop,  In  apply 
I  how  IiIohh  to  tho  prnlilotn  of  ooiii|inrlnK  tho  rolatlvo 
effort  I  vwn'da  of  four  2t)*mm  khiih  voomiih  oIkIi!  0.A0- 
In.  kiiiih  an  imnnmoat  far  n  IlKhtor  inakhiK  a  dtorn 
attack  on  a  dofeiided  iwln*onKlno  I  mini  no. 

Tho  mol  I  ii  ii  lull  irv  of  tho  analydld  of  thin  prolilom 
wan  rather  rarefuliy  out  ilnwa,  nml  a  Hot  wan  nanlo  of 
tho  kind*  ami  ploooo  of  Information  for  of  PMilmatod, 
or  of  Kia'ooooi  wliloli  wonhl  liavo  to  lie  made  tioforo 
tho  iinnwor  wonhl  Im  forthoomhiK,  TIioho  itnostlono 
(natnro  of  ooinlmt,  hoinhor  mu  1  tlKhlor  iirmaniont, 
valno  ami  vniiiitlono  of  iioonmoloo,  iimmimlthni,  vnl- 
liomlillltloo,  oto.),  wore  tlion  ilidoiidded  at  vory  oiin- 
ohloriililo  IniiKth  with  tho  expert  •w<>d  nlHoi'id,  Ad  a 
rodiill  ootlmiitoo  won*  arrived  at  wlilrh  ovory  0110 
ngrooil  wore nlimmi  oortalli  tn  lioiokot  ihotrilo  viiIiion, 
lilt IihiikIi  In  tunny  linilanooo  tho  trim  value*  won*  ml* 
mittoill.v  unknown.  TIihm  llio  analy*)*  wan  liimoil  on 
five  allortiatlvo  awnimptioim  of  vnlnorahllity.  tliroo 
iiMMmnpt  I  in  in  onnromhiK  lunolmr  llropmvor  Index 
(wlilrh  taken  Into  Mooounf  rule  nml  airuraoy  of  tin* t 
nml  four  iioNiimptioim  ounoornlnK  IlKhtor  liropowor 
Index.  Kor  four  of  ilio  Itvo  iiKMiimptloiiK  I'ntireriiliiK 
vnluornhllity  llmolKht  tt.AO-ln.  won*  loiiml  to  have  an 
lulvautiiK''  (iiiiikIiik  fmm  37  tmroonl  in  7A  porooni) 
over  tho  four  i/U-nim  khiih.  Kor  I  ho  Ilf)  li  viihmi'iihllltv 
iiHHtim  f  il  1 1  *i  1 1  I  ho  Wt  i  iiiiii  arniamoiil  wiih  iirofornhlo, 
Inn  lna  ill  unit  'ill  porooni  ailvnlilaKo.,! 

Tho  Mindy  wan  iIiiih  imroddiirlly  Inoom'liiHlvo.  It 
did,  Imwovor,  iiinko  olonr  jiidt  what  Hin  t  of  Informa¬ 
tion  who  iini'OMMary  to  olitaiu  a  oiim'liidlve  miHWor, 
and  It  fnrulHliod  tho  tmooHHiiry  aimlytloal  iiioIIiihIh. 
l''iirthovmiiro  tho  at  ml>  rathor  Htmualy  HiiKUontod 
tho  mtiiorloflty  of  tho  H.ftti-ln.  nrtnnmoiil  oMpooially 
ahioo  It  wan  dlwiivorod  Hint  tho  iino  of  an  optlumui 
h ttitin ml t Inn  mixture  InoroiiHod  tho  mtporlnrlly  of  tho 
olKld  0  Wt-ln  amm  fur  tlm  float  four  viilimrahlllty  iim* 
MiimptliuiM  mid  roihiood  tho  ndviiiitaao  of  tlm  SH-miit 
KUIim  to  Itt  poi'roiif  In  tlm  oiimo  of  tho  hint  viiliiorn- 
hlllty  iiNNiuiiptloii 

Am  liy-prndimta,  tldn  Mtmly  almi  ImmiioiI  Importimt 
iiioiiiiim  mi  tho  Miihjool  of  optimum  iiniiiiiinilioii  mix* 


tini<»,*'  "  an  tho  optimum  Intorrolatlim  of  hIiiiIiik 
nml  dlaperHlmi  armra.1*’1' 

13.7.S  11-29  StudliMi 

'I'lio  IlKhtor  armamont  dimly  wan  larKoly  onrrlod 
out  In  IfltS  and  1043,  altlmnah  nut  formally  eon* 
rl i a lod  until  1041.  Tlm  H-20  atm  lien,  Imwovor,  did  not 
orlKlnato  until  mhl-IOII,  Tlm  Initiation  uf  AAK 
1‘rojoot  A(  ’-02,  wliloli  ri'Mitltod  In  thaw  lt-20  dtudlod 
hy  AMI',  wan  eflW'cd  hy  a  oommitnloaf Ion,  datoil 
.Iiiiio  II,  1011,  from  llnmh|i!iirtpi'H,  A  A I*',  iidkliiK  that 
tin*  NDHC  oollalmrato  with  tin*  AAK  "In  iletermln- 
Ilia  t in*  im idt.  olToollvo  taotloal  iipplloatlini  of  tlm 
It* at)  ah-pimm,"  Thin  oiimmiinloatlon  wild  tho  d  I  root 
rodiilt  of  a  oiinfoH'iioo  hold  at  Orlando,  Klnrlila,  nmlor 
tho  andplood  uf  tin*  Army  Air  Korcod  Hi  hi  id,  Tin* 
oonforonoo  roport,  wliloli  wild  lator  iiimln  an  ollli'lni 
purl  of  tin*  At  '-02  dlrootlvo,  Minted  In  part : 

1 .  That  im  Mi'ii'iitllionlly  onntro|ti*il  iirdolciitlflonlly 
ovalmitod  Iiivi'mIIkiiiIiiii  of  vnrloiid  dofoiidlvo  forma* 
lliiiid  of  hoinhor  nlroraft  had  ovor  Iiooii  ooiiduotod  1* v 
tlm  AAK, 

2,  That  It  wiih  of  i In*  iiIiiiohI  Importanoo  to  ooit- 
dnot  diioli  Invi'HilaatinnH, 

3.  That  no  di'lontltlonlly  oiiiitrnlloil  nr  oviiloidod 
liMi'HlIanllnii  had  ovor  lioon  m:ulo  of  tlm  lt-20  do* 
foiidlvo  iiniiiinii'iit . 

4,  That  no  dtandiiril  oontnd  Hr"  oontrol  Konimry 
dui'iihm  liinl  hoon  i Icxcli i| n*i I,  no  Mtandard  niaiiiial  of 
14-20  aiiiim'iy  i|i»vi'lii|ii'd,  nor  any  dotalhtl  tndnliiK 
mI iimhiM In  i|ovolo|iit|  for  B-2P  amnmry, 

Tho  NDIIC  wan  therefore  rit|iii'Hti'd,  at  I’rojorl, 
At  MW,  to  oiillahorati'  with  tho  AAK  In  plaliiiiiiK, 
ovKitiildlna,  oarryliiK  out  and  ovalnntiuK  an  Inveall* 
Katloii  of  llio  iiiomI  ollloli'lit  H  ail  foruintli'iid.  Aeeoimt 
W||H  til  III'  lllkl'll  ill', 

I,  Half  pniti'otloii  uf  hiiiiilioi  iiivi'i iil't  from  llwht »*i' 
hy  hiiinlmr'd  own  ami, 
a,  Holf-lutlloli'd  ilninnKo, 

3.  Hupporl  tiro, 

I,  Mniii'iivcmhlllty  and  ovnalvp  notion, 

A,  I'KToi'tlvi'iicdd  of  liomiiiiiK. 
i),  Kornmtloti  oontrol, 

7,  Kluk, 

H  Itlll'kotN, 

I),  AIMihiIi'  iiomhliiK, 

It),  Klahtoi  I'doort, 

In  iidillt Inn,  I'riijoi't  At MI2  wild  d|mi'lllotill,v  iidkod 
to  ovalimto  tho  dol'i'iidlvo  armamont  of  tlm  B*21)  (a 
tank  wliloli,  In  fact,  wiidaldii  roi|iilrod  hy  item  (I)  JiimI 
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above),  In  nl inly  tin*  ability  of  the  average  gunner  l <> 
learn  the  effective  own  of  (lie  ayahmi,  and  to  develop 
it  xlandurd  pcnccdiiro  noil  gunnery  doctrine  foe  flit* 
H-2f», 

If  anyone  In  Hiirpriiic'i I  anil  aliocked  that  hmcIi  it  re- 
(|IiohI  noodod  to  I  hi  mudo  In  Juno  IfM  4  relative  to  tho 
H*20  airplane,  which  wiin  I  lion  Mug  produced  In  large 
iininlmi'N,  tlioro  nro  I  wo  replica  ivldoli  mlmiild  la*  mudo 
to  him,  Tho  flmt  In  llml  It  wim  Imth  NiirprlKlng  and 
allocking.  Hot  Hip  noooikI  reply  In  that  iIiIm  idrplnnc 
vviin,  with  iiIiiionI  Incredible  IiiihkIicii l Inn  and  energy, 
forced  thminth  In  combat  iino  oil  a  Ni'hoilnlo  which 
imnlo  II  ditlli'iill  If  uni  IiiiiiuhhIIiIp  In  follow  an  orderly, 
or  even  a  I'alloiuii  |in m'I'iIiiii*,  And  into  -honld  al*u 
ronioinlior  how  mngnltleeiilly  lln>  ai'lind  rcniilt  JunII- 
lied  all  llio  iinoi'l hot li i\  tnciiiiN, 

'I'lii'  dh'oi'llvo  Ini'  Project  AC-02  referred  In  olio 
N|ioolllo  alma  II  (11-20),  I  mi  t  wiin  In  other  i'omiiooIn 
very  I  hi  mi  I.  Kxtcn*ivc  living  experlinentN  worn  nh- 
vlonaly  going  In  ho  noooNNiii'y,  and  In  curry  out  iIiono 
onnoiiI  lii  1  (light  Ion(n,  It  won  Hpccllicd  tlnil  tho  faelll* 
(Ion  of  tho  2nd  Ah'  Force  wiuiiil  ho  n\  allahlo,  < lonoial 
l'  (I  Kill,  I  lion  In  I'oiiiiniind  of  tho  2nd  Air  I''oh'p, 
had  In  fuel  hnoii  olio  of  llio  ioiidoi'N  In  init in l Itiu  and 
planning  llio  |ii'ojool, 

Vflor  hi  iiiio  oiiiiNldnriihli'  ih'koi  lot  ion,  iIiIn  |irojoot 
wiin  iinnIkiioiI  to  AMI',  which  iioi'i'i it oi I  ll  reluctantly. 
Alt liontrli  wo  laid  liy  tlmt  llnio  i|ovolo|iod  a  nIaoiiIiIo 
|ioi noiiiii'I  expert  In  tlioanalylloal  iiN|iootNof  hmiihlng, 
iilr  gunnery,  link  iiiiiiI,vnIn,  oto,,  ll  won  oloar  tlmt  IhU 
|M'ojoi't  liivolvod  a  lingo  experimental  | mi •ucnifii  and 
iiIno  oloar  that  organlxat loiml  dllllonllloN  woro  hoinid 
In  ooonr,  I  i ir  olvllliin  i iikiiIi l/n I Imi  would,  In  fiiot,  ho 
try  lag  to  do  ninny  thing*  (niioIi  iih  operating  niilliary 
iili'i'riift  from  a  inllilnry  Hold)  I  lint  oonld  ho  dono 
properly  only  nnilor  mllilmy  orgmhxidlon,  and  lid* 
wiin  hound  lo  load  In  onlifndnii  If  nol  lo  tronhlo,  In 
view,  howovor,  of  llio  fart  that  tlioro  nooiiioiI  to  ho 
lio  tviiNiinahlo  alli'i'liallvo,  \ M | *  agreed  to  tin  tho 
I  ion!  It  oonld.  From  thnl  tliiionnlll  SC-02  wiin  oiimod 
mil,  llio  Cliiof  of  \MI'n|»oiiI  onnoiiI  tally  all  Ida  llnio 
nil  IhU  iiiio  Jolt, 

To  moot  the  objective  of  I'rojool  AC-02,  AMP  no| 
up  a  hrond  program  which  Inrlndod: 

A.  I | n •  of nii'i 1 1  a  I  IonIn  at  Sinmogordo,  Now 
Mexico, 

II  Model  os|iorhiionlN  at  1’iiHadona. 

C  Dyninnli1  tCNlliig  of  tho  Coniral  Fire  t'otilrol 
at  AiinIIii,  Texan  tinnier  IHvMon  7,  NDIIC). 

1),  (  Iiiii  oaiiiora  IonIn  at  Kglin  l''lold,  Florida  (A AP 
Hoard,  with  collaboration  of  DlvUioti  7  and  AMI'), 


K.  (filial meal  Inn  with  (  Innernl  KiectrSu  In  teat.*  at 
Hrmvimville,  Texa*. 

I'1,  IWImlogleal  Mtndlex  (under  Applied  Psy¬ 
chology  Hanoi), 

(i,  Analytical  atiidlo*  of  Npoolal  foatncoM  of  llio 
problem  «noh  an  vmlnorahlllty,  (Ink,  oto,  (rarrlod  out, 
i»y  AMP  nndor  iither  xtndloN  roportod  In  Part,  III  of 
title  volume), 

II,  Hrond  analytical  wtinllex,  niicIi  kn  tlnmo  which 
rolulo  lo  bombing  offootlvonoaN,  itmiond  '‘ooonomlo" 
theory  of  bombing,  oto, 

An  In  briefly  liidlenled  hy  (Ida  IInI,  IIoioh  C,  |),  10,  F, 
and  C  oonld  ho  taken  over  hy  oxintlng  AMP  faelll  t  ie* 
or  h,v  other  parte  of  the  NDIIC,  It  wiin  iiecexNitry  to 
provide  for  A,  H,  and  II,  and  to  provide  general 
dlreotion  and  rorreliil Ion  for  the  whole  program, 

An  to  A,  the  AlninoKordo  mud  Alhintneri|iie)  por- 
I l**ii  of  the  program,  chiefly  Involving  experimental 
IonIn  mid  tholr  Intorpretalion,  wiin  oarrlod  out 
llirnogh  a  oonlraol  with  tho  Unlvoi'Nlty  of  N<wv 
Mexico  and  In  very  notlvo  oollahondlon  with  the 
Second  Alt’  Force,  TIiIn  work  will  lie  fnrtlior  doNorlhod 
holow, 

An  lo  H,  llio  oplloal  model  oxporlinontN  and  tholr 
ildorpreltilion  wore  oarrlod  out  through  ii  oonlraol 
with  llio  Mi  SS’IIniiii  Molar  I Hworvidory  (PiinimIoiiii) 
of  llio  Carnegie  IiinIIIuiIoii  of  SViiNhlngloli  [CISV], 
TIiIn  work  will  iiIno  ho  furl  her  doNorlhod  In  Held  Inn 
12, 7,11 

Am  lo  II,  and  llio  problem  of  oontrnl  NitporvlNlnn 
and  eiirrelnllon  of  no  ooniplloatod  and  fnr-tliing  a 
program,  a  oonlraol  wiin  made  with  1'rlnootnn  Util- 
vei'Nlty  wliioli  mudo  iivallahlo  a  group  luchidhig 
PIi.vnIoInIn  and  engineer*  on  noil  an  imiiIIioiiikIIoIioin, 
wliioli  had  laid  long  experience  with  tiro  ounli'ol 
prohleniH. 

In  addition  n  HtoerliiK  ( ’oininltloo  wiin  mc|  up,  com* 
«!•*)  Iiim;  of  two  roproNont  at  Ivon  of  AMP;  olio  of  |J|« 
iInIoii  7  (l''iro  Conlroh;  one  from  OpornlloiiN  Com* 
milnioniH  mid  Ho  inlroinonlN,  ASK  llci<d«|iimler*; 
olio  from  llio  S  \l  Mould;  one  finm  the  2hl.li  Air 
l''oroo;  and  iiiio  from  llio  2nd  Air  Koroo.  A  highly  ex* 
porloiicod  mid  expert  II A K  ollloor  alwo  attended  ail 
Hlii'iiiiii  Coiinnltteo  meeting*,  and  took  all  ndlve 
purl  in  the  Mnmogordo  experlnientN,  and  a  repin* 
Nenlative  of  llio  War  Deparlment  NDIIC  hlaleon 
nillco  ill  tondod  no  in  t  meet  lug* 

Althonith  tho  writer,  who  won  roNpouNlhlo  for  the 
dl  reel  Inn  of  the  project  iin  a  whole,  Nteinlliy  and  Ntiih* 
hornly  l.ook  llio  ponIiIoii  that  the  directive  (with  It* 
hrond  IiicIiihIvoiic**  and  Hn  ciiipIiiinIn  on  *o|entlliu 
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planning  And  evaluation  of  experiments)  could  not 
possibly  he  mot  unloas  all  the  Items  A  tn  II  Inclusive 
progrossod  simultaneously,  It  soon  develujted  that 
the  Horvlco  personnel  were  preiwmlomntly  interested 
In  A,  eventually  almost  equally  Interested  in  1), 
rather  uninterested  (with  one  exception)  In  (',  I), 
and  E,  only  very  mildly  Interested  lit  E  and  (1,  and 
totally  (and  In  mend  cases  cmphnticnlly)  nnlntcr- 
estod  In  H, 

What  we  could  accomplish  In  this  project  depended 
essentially  chi  AAF  support  and  assistance,  and  wo 
did,  after  all,  consider  It  to  he  our  duty  to  come  as 
close  to  doing  what  the  AAF  wanted  done  ns  our 
scSeutlhji  and  imrsoiml  conscience*  would  itcrmit, 
Thus  It  Is  natural  and  in  fact  Incvltiildc  t  hat  Project 
A(Mt2  faded  out  of  the  picture  when  Items  A  ami  II 
had  produced  their  major  contrlhollnn*.  Items  I),  F, 
and  (I  eveutunlly  produced  results  which  are  cer¬ 
tainly  of  large  and  Inst  lug  value.'  Hot  Item  II,  which 
should  ap|H<ur  ns  the  crowning  jewel  In  this  chapter 
on  general  studies  In  air  warfare,  was  a  total  Hop.  It 
wns  a  Hop,  this  author  Is  convinced,  liocnusc  It  never 
wns  given  a  chance  of  Mug  anything  else.  Home 
liersons  In  the  20th  Air  Force  were  Interested,  In 
principle  at  least,  hut  they  considered  that  such  stud¬ 
ies  should  he  carried  out  within  their  own  nrgnulsn- 
tlim,  say  hy  their  own  ()|>emtlons  Analysis  personnel. 
The  rest  ef  the  Nervlcc  personnel,  without  whose' 
complete  hacking  this  part  of  the  work  could  not  go 
on  at  all,  had  apparently  used  up  all  their  Interest  hi 
hrirnd  studies  lu  the  process  of  asking  for  them  In  the 
directive, 

To  make  one  of  those  sage  observations  which  are 
so  easy  to  make  In  retrospect  ’•  Is  ipilte  clear  that  the 
AAF' should  never  hove  allowed  Itself  to  get  Into  such 
a  position  that  a  very  few  months  before  the  aircraft 
lo  i|ucstlon  was  to  enter  eouilmt  on  a  large  scale,  they 
would  have  to  ask  a  civilian  organisation  to  assume 
responsibility  for  planning,  conducting,  and  Inter¬ 
pret  lug  tests  and  studies  iiIiimmI  to  discover  whether 
the  defensive  iimiaiiient  of  this  great  hoi;ils<r  wns 
or  was  not  any  good;  whether  It  might  lie  better  to 
throw  the  armament  away  and  trust  to  altitude  and 
speed;  how  to  oja'iatc  the  tire  control  system;  how 
to  choose  him!  train  personnel;  wind  kind  of  forma¬ 
tions  to  II, v  and  Iiiiw  to  11, v  them;  etc. 


1  As  tlm  project  developed,  hoc  taiportaat  Item  w«*  added 
—  tke  tanfdeiii  of  devising  workntilc  letioUOory  and  Held 
aietleals  of  Imrmoatslog  the  (1-8(1  gnus,  Tlds  wns  worked 
out  e(Mi|icrftttv«l,v  witli  Mention  t  of  1)1  vision  ttt,  mat  It  t»  the 
writer1*  lutpreestoti  ttmt  very  oojeirtnat  results  were  eetdeved, 


Huch  questions  obviously  should,  in  any  reasonable 
and  rational  development,  have  been  settled  long 
before,  by  test  establishments,  analysis  groups,  and 
decision  groups  maintained  hy  and  within  the  AAF, 

♦  *  • 

Having  now  sketched  the  technical  and  organisa¬ 
tion  background  for  the  11-20  studies,  It  remains  only 
to  ilescrllie  the  work  Itself, 

In  the  early  spring  of  1044  a  group  at  the  Uni¬ 
versity  of  New  Mexico  had  collaborated  with  the 
2nd  Air  Force  In  carrying  out.  some  studies  of  the 
K-3  sight  In  a  Hperry  upper  local  turret  mid  of  an 
N-U  sight  In  a  Martin  upper  turret,  these  being 
camera  tracking  tests  with  the  turrets  mounted  on 
movable  platforms.  Previous  studies  by  the  same 
group  of  the  stability  of  the  H-17  In  lltgiit  Indicated 
the  ty|H*s  and  amounts  of  movements  which  should 
Is*  given  the  platforms, 

These  similes  stimulated  the  Interest  of  the  New 
Mexico  group  which,  together  with  (lencrul  Knt, 
played  an  Important  role  lu  the  Orlando  conferenee 
mentioned  above,  which  resulted  In  Project  ACM12. 
It  was  thus  natural  that  AMP  turned  at  onee  to  the 
University  of  New  Mexico,  offering  them  an  NDItO 
contract  under  which  they  would  orgnulKo  a  group 
at  Allmipicripic  (and  at  the  large  H-20  Held  at 
Alamogordo)  to  carry  mil  experimental  tests  (Hi  the 
11-30  airplane.  This  New  Mexico  program,  as  should 
be  clear  from  the  explanation  above,  actually  con¬ 
ciliated  a  large  portion  of  AMP’s  activity  under 
Directive  AC-112.  The  remainder  (except  for  the 
Pasadena  optical  studies  which  will  be  described  In 
Hectlon  12,7, 3)  consisted  primarily  of  the  labors  of 
the  Princeton  group  lit  coitcIuHiik  and  otherwise 
assisting*  the  large  mid  widely  distributed  pattern 
of  activities  lu  A(  '-1)2  hy  frequent  visits,  hy  continual 
assistance  lo  obtaining  necessary  equipment  and 
Infommtlou,  es|s>elnlly  from  the  AAF,  hy  needling 
the  various  organisation*  Into  action  tin  our  work, 
hy  extending  specially  vuhinhle  aid  to  the  Applied 
Psycl mingy  Panel  III  their  part  of  the  program,  hy 
carrying  out  analyses  of  various  special  problems, 
ami  hy  trying  to  keep  all  parts  of  this  program 
motimlly  Informed  through  a  series  of  frequent 
"AC-02  Ihillctltis."  111  It  laid  originally  been  planned 
that  the  Princeton  group  would  also  gather  together 
all  the  results  of  the  separate  tests  and  analytical 
studies,  amt  synthesise  them  Into  some  more  general 


*  A  greet  (tout  nf  such  iisslslttoce  wb*  also  furnished  hy  tlm 
Teetmtwt  Aides  tn  ttm  central  etllnc  of  AMP. 
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attack  on  tlio  original  objective  of  determining  tho 
moat  effective  tactical  use  of  the  Ji-80  airplane, 
This  synthesis,  as  lias  boon  stated  above,  was  not 
attempted  for  the  vary  simple  mason  that  It  noiilil 
not  go  forward  without  the  complete  hacking  of  the 
AAF  officials)  and,  as  explained  above,  It  turned  out 
that  In  spite  of  the  wording  of  the  official  directive, 
they  Mutually  Just  were  not  Interested, 

A  brief  description  of  the  New  Mexico  program 
will  now  Ihi  carried  out  under  the  four  bendings: 
Problem,  Facilities,  Techniques,  Results. 

PhOUIjKM 

Two  main  problems  were  attacked: 

I,  In  what  way,  how  frequently,  and  how  effec¬ 
tively  ciiii  fighter  planes  attack  a  single'1  standard 
or  stripped  11-20? 

Tlds  Involved  a  detenu  hint  Inn,  at  various  speeds 
and  altitudes,  of  the  types  of  possible  lighter  passes, 
the  frequency  with  which  the  passes  could  ho  curried 
out,  and  the  accuracy  and  duration  of  the  lighter's 
lire  during  these  passes.1 

3.  What  Is  the  defensive  strength  of  a  single  11-20 
lioodter  against  lighter  attack? 

Tlds  Involved  a  determination  of  the  ueeimicy  and 
duration  of  lire  from  bombers'  guns.  Air  tests  of  these 
accuracies  were  to  he  supplemented  with  air-to- 
ground  filings,  and  ground  tests  of  the  aero  racy  of 
the  central  fire  control  system, 

In  addition  to  these  two  inniii  problems,  certain 
other  problems  were  studied,  either  because  they 
were  necessary  and/or  Inevitable  concomitants  of 
the  two  studies  just  mentioned,  or  for  the  practical 
reason  that  the  New  Mexico  group  develo|s>d  a 
facility  which  was  able  to  take  on  and  push  through 
to  necessarily  approximate  hut  retmtrkahly  rapid 
conclusion  a  tost  of  almost  itity  aerial  gunnery 
device.  Hlncc  the  AAF  did  not  Itself  Imvo  such  n 
facility,  It  was  natural  Hint  there  was  a  tendency  to 
forget  the  directive  (and  Indeed  to  forget  the  NDH(' 
Itself),  and  when  any  sort  of  it  rush  problem  arose, 
Just  telephone  the  hoys  down  In  Albuquerque  ami 
iisk  them  to  do  a  quick  Job. 


"The  New  Mexico  cxisalmcats  ncliintly  itealt  almost  cx* 
slaslvcly  with  the  prohinm  of  slaglc  ft-3ti  liooils*r«.  This 
was,  In  siiv  event,  I  lie  saoslhlc  anil  almost  llie  accessary  way 
to  slsrl,  Home  aspects  of  I  he  nrahlcm  of  homlier  formal  laa 
ware  si  tailed  at  Pusmteim,  mid  ill  ot  her  mixlllary  stadias  sneh 
as  those  retsirteit  III  Part  til  of  Oils  volume, 

1  Much  a  sillily  sliiuihl,  of  Hoarse.  Include  nit  aosslhle  t.yiws 
af  evasive  iinilun  on  the  part  of  I  fie  Immisir.  Time  did  ant 
IMirinll  this. 


Among  auxiliary  problems  that  were  closely  con¬ 
nected  with  the  original  Job  should  ho  mentioned  an 
extensive  amount  of  time  spent  In  determining  the 
performance  characteristics  of  the  H-29  airplane  at 
illfTercet  altitudes,  speeds,  loads,  and  armor  and 
armaments,  There  wore  also  studies  of  dispersion 
from  the  various  H-29  guns,  harmonisation,  etc. 

Among  the  disconnected  studies  should  he  men¬ 
tioned; 

I.  Test  of  APU-ft  with  K-3  sight  In  11-17. 

3,  Hpeed  reduct  ion  of  11-20  due  to  radar  domes  and 
open  humlt  doors, 

3,  To  rod  dispersion  tests,  A-20  aircraft. 

4,  Performance  of  APti-lft  (radar  versus  optical 
range). 

ft,  Test  of  APU-ft  with  Murk  IK  (K-lft)  sight, 

tl.  Test  of  APU-lft  with  special  UIC  computer. 

Faoimtikh 

At  Alhnqucnpie  and  Alamogordo,  the  civilian  per¬ 
sonnel  on  tlds  project.  Included  Ittl  persons,  ns  fol¬ 
lows:  II  niojnr  technical  persons,  III  research  assist* 
ii ii t h,  I  I  skilled  held  assistants,  2tt  administrative 
assist  not  s,  7*1  teclinlelaiis  (Imiodlug  a  large  staff  of 
computers),  IK  nmchlnlsts,  guards, Service personnel, 
etc, 

At  Alamogordo,  a  special  unit  of  the  2nd  Air  Force 
(AAF  Rase  Unit  20*1)  was  unsigned  to  thin  project, 
and  extremely  cordial  cooperation  was  furnished  by 
the  2nd  Air  Force  Command.  HU  20*1  Included  a 
total  of  approximately  ItM)  Hervlee  personnel,  of 
which  something  over  -ID  were  olflccrs, 

Thus  taking  Into  act  mint  the  Princeton  group  and 
the  central  AMP  uftlco,  there  were  ahuut'lftO  persons 
Involved  In  nil  In  this  study, 

The  assigned  aircraft  totaled  43,  ns  follows: 

K  H-2i>  ID  P-47 

(D  standard,  3  stripped)  tl  P-flft 

ft  11-17  K  Other 

A  total  of  1 ,4  IK  separate  lllglits  was  carried  out 
(without  accident),  Including  34H  lllglits  «»f  It  29 
craft,  Itltl  of  11-17,  ami  741  of  P-47.  A  total  tif  IHK.DflO 
ft  of  Itl-ouu  Him  was  exposed  In  gun  cameras,  A  large 
computing  and  analysis  section  was  developed  at 
Albuquerque, 

Thciiniuuks  w  « 

Thelmslc  reports  must  lie  consulted  for  details,  but 
the  main  results  of  tills  study  were  obtained  by 
carrying  out  actual  (lights  of  Immhers  ami  actual 
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ftttat'k  by  fighter  planes  (with  slmulitthin  of  battle 
condition*  for  Interception,  etc.);  the  result*  of  all 
‘'firing*"  of  guns  «f  bomber  ami  fighter  Imlng  re¬ 
corded  photographically  hy  gun  enmera*|  thin  grant 
tons*  of  Him  than  lining  measured  nml  nimlyind,  Tim 
gun  I'arnorit  mot ImmI  whs  essentially  n  single  camera 
technique,  making  use  of  distant  background M 
points,  nuHi  un  chimin  or  mountulnn,  nn  reference 
point*.  Thun  both  the  terrain  nml  the  cllnintn  of 
noutlicrM  New  Mexico  were  nnKcntlul  to  the  procedure, 
The  methml  In  admittedly  not  an  accurate,  partle* 
ularly  for  flexible  gtinn,  an  dellectomeler  methmln, 
hut  probably  nulllccd  fur  the  purponen  In  hand,  In 
any  event,  It  wan  several  ruts  better  limit  nothing, 
and  No  other  known  method  wan  really  iionnllde, 
taking  Into  account  the  amnn  of  data  which  wan 
tieeennary,  and  the  time  nvallahle. 

A  great  many  other  metluMln  were  nklllfully  and 
energetically  developed  by  the  New  Mexico  group 
to  handle  other  details  of  the  program, 

H knouts 

la  thin  program  was  experimentally  demount  rated, 
and  for  the  first  time,  un  far  an  we  know,  the  ability 
of  the  stripped  H*2fl  to  carry  great  loads  over  great 
dlnlaacen  at  great  speeds  and  high  altitudes.  In 
particular,  this  project  carried  out  Hocrcssfut  ad¬ 
vance  simulations  of  the  Hulpan-Tokyn  nml  return 
bombing  missions. 

The  rliHrxctcr  id  the  lighter  plane  attacks  which 
ran  he  carried  out  against  a  11*311  was  experimentally 
determined,  for  altitudes  ranging  from  30,000  ft  to 
03,000  ft,  and  the  errors  of  various  types  of  comput¬ 
ing  sights  determined  for  these  nrtuni  courses, 

The  accuracy  id  tighter  plane  lire  against  the  H-30 
wits  experimentally  determined  for  altitudes  ranging 
from  M, IKK)  ft  to  .’13,000  0,  mid  the  frequency  of  lilts 
analysed  for  different  approoches,  etc.  These  tests 
were  all  made  with  lighter  pilots  who  had  had  combat 
experience, 

Fighter  lilts  on  homls*r  per  pass  were  obtaiued  us 
a  fuurllna  of  angle  and  range,  ami  converted  through 
a  study  of  pass  frequency  to  tighter  lilts  per  hour  us 
a  function  of  angle  and  range, 

(Inn  and  turn*),  dispersions  were  measured  for  I  lie 
H*30,  as  well  as  Imrmouiliut  hui  errors  on  I  he  ground 
aud  (approximately)  In  lllglit,  Tracking  errors  *vere 
determined  carefully  for  all  positions,  aud  act  ual  gnu 
errors  determined  approximately, 

Origin  Inherent  limitations  uf  the  H-30  central 
fire  control  system  were  determined  In  ground  tests 


which  measured  the  output  of  the  whole  fire  control 
system  for  known  and  controlled  Inputs, 

The  ability  of  the  P-47  fighter  and  of  eertaln  faster 
and  more  modern  fighters  to  attack  a  stripped  B-30, 
flying  at  high  speed  and  great  altitude,  was  deter¬ 
mined, 

All  these  jobs  could  lie  done  bettor  now,  or  could 
have  I  icon  dune  I  Hitter  then  If  more  time  had  been 
available,  Hut.  It  should  he  mentioned  that  the  ex* 
perlmental  progmm  did  tint  begin  until  early  July 
1041,  and  the  mala  results  were  reported  to  the  A  AT 
In  neenrdniiee  with  the  requested  schedule, N  namely, 
•mi  November  Ift,  11)44,  less  than  live  months  later, 
It  also  seems  almost  unnecessary  to  add  that  this 
study  demonstrated  that,  In  a  reasonable  length  of 
time,  It  Is  possible  to  obtain  t  he  kinds  of  experimental 
data  necessary  for  a  more  general,  more  Inclusive, 
mid  more  peuet  rat  lag  study  of  the  employment  of 
large  bombers. 

12*7*3  Opllcitl  Sllllilrs  ttl  PasiuitUtU 

•lust  iis  tlie  experimental  program  nt  New  Mexico 
was  largely  based  on  the  previous  experience  and 
nccmimintod  entlnislnsm  of  the  New  Mexico  group, 
so  the  model  experiment  program  at  Pasadena  was 
primarily  based  mi  the  previous  experience  mid  no. 
cumulated  enthusiasm  of  a  member  of  tlie  staff  uf 
tlie  win  research  division  of  the  Mt,  Wilson  Hular 
Ohscrvnlory,  who  had  hud  special  experience  with 
nnmy  sorts  of  opllcnl  devices  mill  procedures,  mid 
who  IiiiiI  more  recently  become  well  lufomieil  con¬ 
cerning  iicrhtl  gunnery,  Hliortly  alter  Project  At '-t)3 
was  accept cd  by  AMI',  a  contract  with  the  Cnrnogle 
lustltullou  of  Wiishliiglon  was  recoin  mended,  under 
which  was  made  available  the  very  iimisuiil  facilities, 
both  uf  personnel  mid  of  simp  equipment  and  ex¬ 
perience,  of  tlie  Mt,  Wilson  Holer  Observatory  of  the 
(■IW  at  I’asinleiiii,  ( 'allfornlii, 

We  will  now  brletly  describe  these  I'lisndeim studies 
under  the  four  la<udlugs:  Prolilem,  Facilities,  Tech¬ 
niques,  Itesiilts. 

Pnom, km 

To  analyse  the  Intensity  and  distribution  of  lire* 
power  about  variously  slued  nml  designed  sqmnlraus 
of  (11*30)  aircraft,  and 

Tit  furnish  a  method  whereby  these  complex  re¬ 
lationships  eau  lie  visualised, 

The  complexity  of  the  sllimtliin  can  he  apprecluted 
when  one  notes  that  a  single  H-30  has  ft  turrets  and 
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S  sighting  stations,  with  3(1  independent  arrange- 
ments  of  tho  control*  of  the  various  turret*  by  the 
various  sighting  station*. 

Faciutik* 

Knip  ,yed  under  the  eon  (met  were  four  senior 
aclontlfle  men  ami  six  assistants.  In  addition,  Mt, 
Wilson  Observatory  donated  the  full  or  part-time 
services  of  JO  of  their  own  stall;  mo  that  nearly  31) 
Persona  were  Involved  In  toto.  The  program  wan 
carried  out  under  a  locnl  Directive  Connell  heiuled  hy 
the  Director  of  the  Mt.  Wilson  Observatory, 

Hliop  tutd  other  facilities  (particularly  compute- 
tlonnl)  were  made  available  by  the  Observatory,  and 
the  gymnasium  of  a  local  Mcluad  wiim  rented  In  order 
to  have  a  room  large  and  high  enough  to  aeemumo- 
date  the  experimental  setup, 

VaruNKiOK*  *  ” 

This  study  was  based  upon  the  Idea  of  making 
small  (actually  I  to  72  scale)  model  planes,  and  In 
stalling  a  small  light  source  at  the  position  of  each 
gun  (mid  of  each  sighting  station).  These  lights  were 
equipped  with  shields  which  restricted  the  Held  of 
Illumination  in  iicem-dunec  with  whatever  restrict  Ions 
there  might  he  on  the  Held  of  lire  of  the  gun  in  ques- 
1 1**1*  (°r  the  Held  of  visibility  of  the  sighting  station 
In  plication),  A  switching  system  permitted  the 
slimilatlon  of  id!  the  possible  methods  of  control  of 

the  various  guns  hy  the  various  sights.  Then  . . 

the  effectiveness  of  lire  varies  roughly  with  the  In¬ 
verse  square  of  distance,  as  docs  the  Intensity  of 
llhiuilmition  from  a  point  source,  the  total  Intensity 
"1  Illumination  of  any  point  In  space  was  approxi¬ 
mately  proportional  to  the  total  llrepower  which  can 
he  brought  to  hear  at  this  point, 

Tims  one  eonst.ruets  a  set  of  models,  Installs  the 
lights  and  shields,  adjusts  Individual  Intensities  In  a 
call  brat  lug  operation,  arranges  the  models  hi  space 
to  conform  to  some  formation  design  to  he  studied, 
and  then  determines  the  intensity  mul  distribution 
of  llrepower  for  various  hrieiiag  systems  by  measur¬ 
ing  the  corresponding  light  Intensity  pattern, 

I’li*'  model  squadrons  were  set  up  at,  the  center  of 
a  2 A- ft  radius  spherical  ahell,  on  the  white  Inside 
surface  of  which  one  could  actually  observe  the  light 
Intensity  pattern.  Home  IN  model  planes  were  con¬ 
structed  for  use  at  Pasadena,  and  12  more  for  use  hi 
the  Marhums, 

The  light  Intensities  could  he  measured,  (mint  hy 
point,  with  photocells.  This  method  was  developed 


to  nn  Roeumoy  of  about  1  per  cent,  Dr  one  could 
photographically  record  the  light  Intensity  pattern 
over  some  area,  nnd  then  carry  out  photometric 
measurements.  Or,  still  more  simply,  one  could 
simply  count  the  lights  visible  from  a  eertatn  point, 
i.e.,  the  guns  which  could  be  brought  to  bear  on  this 
p..i;it,  tape  distances,  and  rapidly  compute  fire* 
powers,  Although  this  last  method  does  not  make 
full  use  of  the  optical  scheme  (and  permits,  for 
example,  any  law  of  decay  of  llrepower  with  dis¬ 
tance),  It  actually  proved  to  he  tlm  easiest  and  quick¬ 
est  to  use  In  many  Instances, 

Hkmui.tb 

1’shtg  thi>  system  described  above,  an  exhaustive 
Imt  preliminary  study  was  made  of  the  llrepower 
pattern  fora  single  H-20  with  all  of  the  various  types 
of  control.  “  Then  similar  studies  were  made  for  a 
squadron  nr  I  planes,  *  "  for  the  1 1 -pintle  squadron 
US  used  by  the  21st  liomber  Command,**  and  for 
the  12-plinic  squadron  its  used  hy  the  20th  Moodier 
( 'ommnnd." 

In  February  It)  I  A,  the  2t)th  Air  Force  held  a  large 
conference  **  at  I'asadetm,  primarily  to  observe  and 
consider  the  result*  thus  far  obtained  In  tills  study, 
As  a  result  of  tills  conference  certain  elnuiges  were 
recommended  In  the  stacking  and  briefing  of  the 
12-pln tie  squadron  ;and  lids  iinstlllcd  12-plane  squad¬ 
ron  miis  then  t  lain  Highly  analysed  by  the  Mt.  Wilson 
group.** 

Kiirly  lu  i Ills  project  It  limtnto  obvious  that  one  of 
Its  gnat  test  emit  rllmt  Inns  was  that  It  furnished  a 
method  u hereby  one  could  see,  simply  and  enii- 
v liiehigly,  ii  pattern  of  relutloiishlps  otherwise  so 
complicated  and  subtle  as  to  provide  tuples  for  per¬ 
petual  arguments.  Two  o meets,  urging  different,  pat¬ 
terns  for  a  format  hilt,  could  set  them  up  on  Mils 
opt  leal  model,  and  could  together  i/irrr////  witni'tw 
the  resulting  pattern  of  llrepower. 

I  lots  It  miis  elixir  that,  the  device  had  Important 
applications  lor  training,  uiid  hi  the  Held  as  well  as  In 
a  scion  title  hi  bora  lory,  Moving  pictures  n'ere  tnnilc, 
showing  the  llvepnwcr  variation  of  furiimtlun*  as  one 
circles  ilium!  them.  Concerning  such  pictures  the 
President  of  the  Army  Air  Forces  Hoard  remarked 
that  he  "believed  these  motion  pict  ures  gave  the  best 
Idea  to  airmen  as  to  the  relative  effect  of  firepower 
about  a  formation  yet  presented."  Certain  of  these 
pictures  were  Down  to  tho  Marianas  and  viewed 
hy  (loneral  Is*  May  and  by  many  gunnery  ollieers  and 
men  »t  the  front,  And  ns  was  indicated  above,  a 
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model  wihiji  wiin  eormirnetod  mill  flown  t«  (inmn  for 
H«i)  there  In  mialyjtlng  firepower  prnltlipjiN, 

111  ixltll Moti  in  tJ  10  MircitNfifiil  iirli jcvriiKiiil  of  (heir 
fuimaiy  iilm,  the  itemomiel  of  HiIm  project  cimlcd 
<"••  ""'I  »’f|>"i'l"il  'll)  eert.ul  it  auxiliary  h!  uiIIcm,  A  roll- 
nldemhle  iiihiI.vhIh,  for  example,  wan  made  of  ftichlor 
til  ini'k h i  a'  11,1  it i ii I  If,  whn  mIiuwii  flint,  for  it  wide  vii- 
ili'ly  of  attack*,  nil  fiu<  hrciikuwiiyH  |»iimm  thmual)  it 
llmlfnl  I'i'uioii  Holm*  20"  In  niiKiliiii'  it'll  It  Ii  mill  mooih 

4(H)  yd  off  tlir  m( mi ,  HIiiiIIi>m  were  iiInu . .  of  the 

lil'olilrni  of  offw'l  ttmiM  In  IIkIiIi'I'm,4"  mill  of  flm 
<l" in llmi  of  Kirillina  iifiiirkN. 

Ann  in  f  lie  ii  ii  I  lior  i  il  t  IiIm  cliHjiti'i1 1'nioiiit  i'i'mImI  cm- 
plinnlRlll»  flint  flow»tiiilii<n,  idlhmiah  uiiirli  mirmwer 
in  Hi'iifir  1 1  in  1 1  flic  “(Btonri'iil"  Mtoilii'M  lii'ir  lirlim  mine 
rnli'il,  lire  excellent  cxmnpIcM  to  allow  tlmt  Hu>  ln- 
I'ui'timMoii  iii'i'I'mmhi y  for  tlir  aenernl  MlmlirM  run  In 
fiii't  In'  til  it  ii  iiii'i ) , 

KMt  MATIIHMVI’ICAI,  ANAI.YMKS  AMI 

HUM 

’I’ll*'  '"I'i'*  "I  fill* I'liiiftf cr  Im  "( ii'iirnil  Theory  of  Air 
Warfare."  Ituf  it  Iiiim  liriMi  ii  I'riiiriil  1 1 1 1 1*| ii imi'  of  till- 
I'lmiifcr  lo  |)ol(if  mil  flint  tomlmi  two'  Im  cHMcntliiily 
iiml  llicvltiililv  n  I'uiiil iliti'il  ii|ii'I'ii f Ion.  TIiiin  ll  mci'iom 
iiol  1 1  iii  1 ir>  i|  m'  in  1 1 '  lo  i'Iomi'  av  1 1  Ii  mokic  ui*i  ■<  oh  t  ecmarkH 

. . .  'I'"  foil  I  ill  a  i  Hint  Unit  nmilii'iniilii'M  rmi 

ii"'l<c  •"  •I"'  I'" 'ml  Hi'li I  of  iiiillonnl  'lofi'iiMi'.  Tlir-i’ 
ft'Kifi I'ka  will  involvr  Minin'  1 1 i|ii«'N  wliirli  have  not. 
liH'H  tin  >i  1 1  ii  iiii'i  I  lii'fori'  In  lliU  i'liii|ili'r,  iiml  nIuhiM 
Mi'i-t  r  lo  fimiNi  n  mi '( | iii n  Im  tlir  ui 'in -in I  iirlit  IiIi'm 
"  Idcli  ui''1  •I"'  m| ii'i’I'i ]  roiiri'i'K  of  llii*  i'liii|ili'r. 

To  «lvi'  iiii.v  hi  In  ton  Inly  coiniili'lo  iIInciimk'.iii  of  (hr 

. . .  of  iiiiillii'innlii'M  In  will'  mnl  to 

ini  •  ii  uni  I  iIi'Ii'Iimc  won  |i|  rcifiilii'  fur  inori'  m|  ini'i'  limn 
i-  iiviillnliln  liri'r,  iiml  i|iiili'  oilin'  m  1 1 1 1  ii  u-.)  1 1|  <  \||  ||m| 

•M  •t|H,inli,*l  I . .  In  in  ulvi*  (lint  iiiliiliinini  i|i'Mi'ii|itloii 

"I'li'l'  "HI  nerve  lo  iiiillciili'  llir  ri'lid Iiiiim|i||i  of  1 1,(. 

Hi  'III  ‘I'll  I  II  Killy  Ill'll  I  Mlinlii'M  ol  W  III  III  I",  lini'  |||'K<'<I  (IM 

•"  "•I"’!'  . .  Hi  lls  ilil  H  of  niillfitry 

fNiucn  lilflillfc. 

\\  r  w  ill  (IIhi'iimm  mill  lii'iMM I il'H I  iii'i  j vli )('m  of  inililmy 

l'ii|"il'lmirn  . .  I  Im  foliowlna  heiidhiKM,'  HhhIc, 

H«>rvlff ,  Di'mIkk  mill  tVc  of  I  in  Ii  t*ii  inn  t  DcvIccm,  tip- 
I'l’nf  li'linl  AiiiiI,vmIm,  I  iciii'i  nl  TIichi'Ii'm, 

TIiImIImI  III'  lii'inlliiKM  Im  |ioor  liirMi'vi'inl  ii'iimoiim,  The 
hi  1 1 » t  if  ii  1 1 1 1 1  hh  ui'"  in'll  her  I'M'limlve  nor  Kcif-cxplmiii- 
•"•'.Vi  iiii'i  Iii  Minin' i'iimcm  Ihry  lire  woi'mc  Hum  vaane,  in 
Iiml  they  ii | >| (en i  In  nny  Hoim  t liinp;  |«mm  Hum  or  more 
Hum  In  Iniemletl  Mill  mIiii'u  Miune  effort  Iiiim  fuileil  <n 


firoilore  ii  lielter  IImI,  let  tint  fake  tlnwe  fopli'M,  one  at 
it  time,  mnl  explain  briefly  wind,  l«  inemit, 

•il 

I3.IU  (III  nit* 

The  iiiumI  important  point  Im  tlmt  all  development* 
ol  iiiiillieiinitlcM,  front  Hie  moMt,  uliMtmcf  concept  of 
Hi"  limi'Ml  of  |iiire  iiiiillieiiiiitii'M  to  an  Mated  Item  of 
ieeltnlijne  In  ii|(|)lleil  innHieinittlrM,  are  luiMle  eon- 
•  rilmt  Inn-  lo  tint  h  uni  I  tei'lmlcnl  at-ri»ii(tth.  ICnallieer- 
li’M't  IiIi.VmIcm,  I'hemlMlry  yen  mul  lilnlujty  mnl  meill- 
ri"i'  iim  ‘.s  ell  iiMe  for  their  rent  nil  core  of  i|iimitita- 
live  lireclMe  llilukhm  the  analytical  IoiiIm  |iroviileil  for 
•l"'ni  Ii.v  Hie  iiinllieimilii'liin.  In  IlieMe  thiya  of  Ihe 
it  i  t  mi  I*'  lx  mill,  line  hnrilly  iici'iIm  Id  ein|iliiiMlite  l  lie 
i'Iiimi'  ri'hit Iiiiiim|i||i  lielween  inllltnry  inlaid  In  Ihe  field, 

mnl  the  nliMlriiel  . . II  theorleM  of  Hie  minlyth'iil  ex- 

l"'*'l  TIiiih  Ihe  Hi IimiiIii l lull  mnl  Mii|i|inrt  of  the  Held  m« 

11  "'f'"/",  . . hilly  1 1 1 roi mil  I.'|IowmIiI|<  mnl  other  I  I'tdii- 

iiik  hIiIm,  Im  I  mill  mi  onmomiImI  mnl  n  mire  way  lo  (irovlde 
•he  nnilheinulli,id  Inli'iit  reijiilreil  In  time  of  einer- 
Kenry,  mid  Im  kImo  mi  I'MMeidlnl  IminIm  lo  n  proper  de- 
velo{imeol  ol  oilier  i'Icmu'iiIm  of  Hie  leelniii'id  nt ri'iiHt  Ii 
of  Ihe  Million 

Volume  I  ollhc  Minimally  Teelnili'id  He|ior(  nf  the 
Applied  MiiIIii'iiiiiIii'm  Panel,  lotc'l her  with  Vehinm 
!«  which  Im  devoli'd  In  |<rehidilllly  mul  mIiiHmHi'm, 
alt IiomkIi  inhiiiirlly  eoneerned  with  iloHorllihiK  mime 

"•’  ,l"’  . . ii'"'.'’  nii'iiM  hi  ihe  military  nllllmillon 

ol  IiiinIi'  miillieiinilii'M,  diN-M  Iherehy  hnllenle  Moiue  off 
•I"'  i'IummIi'iiI  ili'li In  of  (iiii'i'  mnl  ii|i|illed  imilliennilli'M 
•hid  i’"imi'i'l  cliiMuly  mnl  olivioiiMly  with  inllltnry 
I  in  il  ijfitiH.  ll  in  in  I  <'in  In  I  lo  iiiehnlo  here,  under  Hie 
l"'«dl»n  "f  "Mn-lf,”  nil  Miieh  nellvily,  Ihil  ll  In  mImii 
lidemied  mnl  HiIm  |m  Hie  mu  In  |io|nl  to  Inehldo 
here  Ihe  w  Imle  of  itnifhi'iiiidit'M  iim  n  \  hulls  iieceMMiii'y 
,’l«‘""'(  !  "•  Meli'iilllle  mI renal h,  IiiimIi’  In  idi  develop* 
inenlM  ol  Hie  oilier  Mrleiii'i'M  mnl  IcelmoloaleM,  mnl 
heiii’o  IiiimIc  io  Hie  Midiniiid  welfare  mnl  (lie  miHiiiml 
defeiiMc, 


I3.H.2  Service' 

TIiIn  illle  In  mi  ('an 'aii urn  inlMiioini'r,  for  from  one 
'  'diil  I'olnl  of  view  II  riivei'M  nil  of  tint t licniHlicm  In 
dlrecl  I'eiiit inn  io  inlllhiry  |iii il Hi'Iiim.  The  uiidlie- 
n  in  •  li'la  1 1  w  Im  i«  try  Inn  le  mnke  IiIm  dlMi'ipIliie  Merve 
•he  nnllomd  need  Mlnuild,  In  one  Meow,  fmrr  mithiufi 
fed  "rm'i'e  m  emu/, 

Hill  one  cim  Merte  In  ninny  wnya,  Hoinelliiie»  one 
""i'  l"*Ml  I'reeUely  i»y  no f  dolna  what  the  iilliei’ 
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follow  wants;  or  liy  lining  Momot liinw;  Unit  hr  Iiuh 
never,  uml  would  Movin',  think  of,  And  the  word 
nurvir?  l»  here  list'd  In  tho  resl  liofed  mid  ihn 1 1 tii^;  sense 
of  "doing  wind  (In*  nther  follow  winds,"  Wo  slmidd 
not  low  sight  of  tlio  fiiot.,  howovor,  Hint  In  tho  process 
of  no  doing,  olio's  major  iipportiinity  ol'ton  lios  In 
Kindly  loading  tho  other  follow  lo  soo  wlmt  hr  oiif/ht 
to  want, 

Tlirro  Is  n  grout  doul  of  nsofid  innllirinallriil  son  loo 
that,  run  ho  dona  on  tln>  lovol  of  Isolatrd  roiiursts, 
Tims  Individuals,  or  udllfiiry  agencies,  or  iioiiniillfiiry 
or  govorinnont  iigourlos,  or  NDItt*  groii|is,  or  uni¬ 
versity  and  oouuiiori'lni  Ini  torn  lories  working  on 
imtlnnul  pt'iililcum,  may  oonir  and  say: 

I’Iohso  ovidualo  Mils  Iniogral. 

I’loaso  solve  lids  illlTi'roniiid  oi|iiiilioii 
I’lonso  i'oiii|llito  I, hr  viiluo  of  l  ids  dotrriidiiiuii 
Flense  int r rpi dn t r,  lining  lldrd  orilrr  dllforouros, 
n inr  mini's  hotwcoii  every  two  mini's  of  lids  tahlo 
Those  I'oijiiosls  niaymlsi'  mil  of  sorrel  (irojoris,  mul 
It  limy  therefore  lie  norossnry  or  wise  (wliirli,  liy  tho 
way,  are  imi  ot|idviiloiii )  to  ki'i'i i  ilir  iiiiiiliniiiiiirlioi 
oi»ui|iloti'ly  In  the  dark  ns  to  die  nature  of  the  tnoli- 
loia  III  sill'll  oiisos,  liioso  lire  iloins  of  /nirr  srm'rr,  so 
In  speak,  w  hero  the  unit lii'iiinl  iriiin  (provided  hr  ruin 
dors  precisely  wind  ho  Is  asked,  olid  no  linin', 

it  is  easy  In  soo,  however,  I  tin  I  Isolated  roi|ui'sts 
lire  oxtri’lucly  likely  lo  loud  lo  imollier  nod  nmro 
li 1 1 1 ii O' t ii n I  fti'iido  nf  service,  For  if  I  hr  |iuili|rui  l«, 
fur  cxinuph  ,  mil  to  oviilinitr  a  single  di'irriuiniiiii, 
Imi  nil  her  to  oval, into  iiniuy  dolri'iiilinoils,  thru  l hr 
unit lii'iiiMl ii'inii  limy  writ  iii<|iiiri*  ns  in  (hr  original 
forninlidloii  of  lln  proMciii,  \nd  hr  may  Ih'  nlilr 
to  snggi'sl  idli'i'inidvi'  i'i|iilmli'iil  procedure*  which 
load  to  simpler  expressions,  cn«ler  In  compute  I  it  lie 
may  refer  Iho  I'llonl  to  dovioos  wliirli  Iiiivi*  Is'oii 
I'oiistriirloil  for  ilir  mi  ii  n  t  Ii  ni  of  «y*loni*  nf  llnrur 
iilgrhmii'  oi (Mid ions,  i  h’  la1  inny  oven  nnrover  ortors 
III  llio  I'oriiiiiliilinii  of  Iho  | ii i il ili'iu  wliirli  make  il 
iindoslraldo  lo  do  any  ooiii|iniing  ni  all 

As  aiinllior  omiiii|iIo,  suppose  the  s|ier|||r  i|i|ostion 
lo  lie;  Hi  inly  those  two  record*  of  tiling  trials;  and 
loll  ns  whh'li  gnu  and  lire  I'oiilrol  system  Is  liettor,  liy 
how  mill'll,  mid  Imiw  certainly 

I  loro  there  are  nlniosl  surely  l  w  o  stages  of  servlees 
Invnheil,  First  (mal  it  is  unwise  to  < unit  or  delay  lids 
stage),  die  srrvlre  miitiioiiintlolaii  should  iiri'i'|it  the 
sltiiedion,  however  had  il  Is,  u  in  I  do  the  litmus!  dint 
etui  lie  done  lo  answer  the  i|tieslloiis  asked  Hoeiiiiil, 
lie  mI  until  I  |  mint  out  to  the  illeut  why  the  piuhloni 
was  a  had  one,  hmv  the  trial  mndd  have  hern  Im¬ 


proved,  This  may  well  open  up,  to  the  client,  the 
whole  held  oj  ntntfstleul  design  nf  experiments,  and 
Hie  sei'orul  singe  nf  sorvlre  inny  well  he  of  Indefinitely 
greater  significance  than  the  answer  to  the  original 
prol  deni' 

A  great  nnuiy  groups  and  agmirlns  and  establish- 

incuts,  . . 'gliding  the  value  nf  uml lieuiat leal  service 

of  this  sort ,  ohtalneil  for  liiemseives  what  the  ( lernmn 
physlelsts  used  In  rail  "liunsn  unit  lieiimtlelans,"  he., 
lucidly  available  service  iimthenuillrlmis,  The  AMI’, 
In  mlillt lun  In  the  sendee  wliirli  It  was  prepared  lo 
luriiisli  llnoiigli  the  personnel  of  the  emit ruetuid 
groups  In  New  Vol  k,  I’l'lnreton,  Frovidonco,  ( 'hleitgo, 

( 'mulirldge,  etc,,  nlso  limned  nut  Individual  nmlhe- 
inn) Ii'Iiiiim  in  various  groups  on  either  short-  or  long- 

lerin  Inn  ns  One  of  Ih . nispiciioiisiy  successful  of 

these  ventures  Involved  die  placement  of  all  AMI* 
mu t ln<ii in i ii'in n  wllli  Hie  Army  Air  Forees  Hoard  at 
i  h'lnudo,  w  here  hr  served  for  uvor  l  wcidy  inontlis  ns 
n  mu i lii'iiui t ii'id  roiisnltimt  As  a  resull  of  tills  ox- 
perii'iire,  lie  lias  written  n  set  of  I'omiueuts  mid 
ri'ronniH'iiihil lolls  w  liirli  seem  so  hilporliinl  that  they 
are  iui'liii led,  nl  Hie  end  of  lids  I'linpter,  as  Appendix 
A  Since  the  views  of  lids  eoiisidlailt  me  here  repro* 
dui'i'd,  Il  seems  releviinl  to  mid  Hint  Ids  services  were 
so  npprerlaled  llml  lie  was  given,  liy  Hrlgmller 
(leiiei'nl  K  I,.  Knhioik,  I'reshlent  of  t lie  AAF  Hoard, 
n  special  letter  of  eouniiriidatloii: 

"  ,  .  for  Ids  splendid  rerord  of  mathemiil  leal  us* 
sisl  iiitee  In  I  hi'  Vi'iuy  Air  Forees  Hoard  ,  ,  lie 
Inis  hern  actively  engaged  In  various  projects  Ilir 
sitrrcssfnl  completion  of  which  was,  In  no  small 
purl,  I  lie  direct  result  of  Ids  efforts  In  each 
of  the  following  lie  wns  a  major  emit  i'll  illtor 
Hi"  .  select  lull  was  made  since  ciicli  of 
l  lie  projects  was  widely  ireogiiincd  ns  Inn  ing  a 
men  si  i  in  I  dr  cITci'l  upon  the  war  effort  uml  Its  suc¬ 
cessful  irriidiiiif  Imi," 

I3.li,.!  Di'nIkii  uml  11m*  of  I mliviiltitil 
lk*vli't*N 

A  large  frarllmi  of  the  mat hcimi Ill'll!  work  hi  this 
war  has  related  In  tho  design  mill  use  of  Indhldiinl 
devices  mil lidirriili  gnu  illi'eeims,  Marking  mccli- 
milsms,  homlislglits,  proximity  fumes,  mdar  sets, 

I  do  in  In  plane  gimslglils  and  slghllng  syslems,  rocket 
sights  mddi'd  iiiIsmIIi'h,  tnrpedo  sights,  etc,  It;  cull- 

i  This  (■  I'ssralliilly  die  wnv  In  wliirli  AMI’  gal  Into  I  lie  ftrlit 

nf  M'lftieiU ltd  iainly',1.'  as  impuM  . . .  irsilng,  unsllty 

rani  ml,  etc 
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iteellmi  with  nut'll  in'll vllli'B  them  urn  noveml  very 
Important  type*  nr  quentlnim  to  cutiNlder,  mieli  hhi 

1,  Wlmt  pnrl‘in*mnntr*t*  in  Mil*  device  capable  nf 
whan  npmilt'il  perfectly? 

2.  Wind  perfiirmunee  In  till-  device  capable  of 
when  operated  liy  n  rniidnin  uni  mint'll  (11,  by  ii  hc- 
Iw'twl  imtminoti  (II,  by  n  wleeted  f mlmMl  (II? 

3.  Wlmt  In  1 1  it*  optimum  select  ion  nml  training 
jiriM't'Hit?  (TM»  Invnlvi'it  clone  cullnhnrntluii  with  pay* 
ehoInglntH  ntnl  pltyHioInglntH.) 

4,  Wlmt  iv  ulillciitlniin  In  ili'nign  would  Improve 
(wlii'llii'i'  they  Imprnvi'  or  Inipnlr  I  lie  Ihm'rlinttty 
pituailite  prrforunnirr)  tin*  iivlinil  iH'ifni'iimnrt'  with  tho 
typo  of  upending  pemoiinel  likely  to  lie  iivnlliihlo 
in  tiio  Mold? 

A.  Wlmt  U  thin ilovli'o  Hiipponed  to  nectniipllnli,  nml 
to  u  Imt  extent  iloeit  It  ilo  mi  (tlml  In  to  any,  mi  inndy- 
aln  of  the  pruhlvin  Ihr  ilmirr  in  auppuni'tl  In  iwrl,  fullin' 
limit  uf  lln  dericrl? 

Them*  purl Irnlnr  quentinim  me  Intemleil  to  refer  to 
n  device  wlileli  lit  not  nvtilliililo  for  net  inti  tent.  They 
Inviilve  atndiea  \\ lilt'll  should  lie  ninde  In  time  to 
lldllioiiro  •  I«*nIk>i The  llrnt  of  the  idtove  quentinim  re* 
I’ei'H,  In  n  fnlrly  at  riel  noimo,  to  wlmt  him  prevlomtly 
been  enlled  n  inin'o-pivhlnii,  The  eiuirneter  of  the  re¬ 
quest  In  Hiieli  linn  no  iniidynt  eonltl  be  Imndetl  enncii- 
I lolly  mulling  more  t linn  n  eomplete  ileNerlpilon  of 
the  design,  nnt I  eould  be  looked  in  nil  otherwise  empty 
room  until  the  results  were  eonipleled.  Mv  the  time 
one  unlit  down  to  the  tilth  qncnlloii,  however,  It  In 
elonr  t lint  lie  Iiiin  left  hetilod  the  tleld  of  micro  pmh- 
•eiiiN,  where  one  cun  utility  one  iNoInted  problem 
without  reference  In  n  whole  lurgc  net  of  pnietlenl 
eniiNlderiitloiiN,  nml  Iiiin  entered  the  Held  of  macro- 
probleniN.  The  fourth  mid  tlfth  ipieNtloiiN  ore  bonod 
to  Involve  tnctlcnl  eoiiNiderntiniiN,  nml  may  Involve 
ntnitcgle  coiinldcmtloim, 

If  one  NiippiiNCN  tlmt  opernble  examples  of  the  de¬ 
vice  exist,  then  n  new  no)  of  problem*  elder  tin  we 
of  tenting,  tine  nIioiiIiI  eoilNhler  Iwni'li  Irnliug,  both  of 
eomtioiienlN  mid  of  whole  devleeNi  n*r  Imlinn  under 
emit  rolled  eninlltloON  which  to  n  leNNer  or  irrenter  ex¬ 
tent  nttempi  to  reproduce  net  mil  tleld  or  combat 
eondltloiiN;  n'lrnihul  Jlrhl  Irinln,  which  lire  enrrled  out 
on  it  niiiii  1 1  wide  hut  under  Held  conditions;  mid 
limilly  vuniliiil  Irtnln, 

Hue  of  the  great  iidvnneeN  of  Mils  wnr,  id  leiiNf  In 
tlnwe  fleldN  with  which  the  author  In  itcipinlnted,  eoii- 

*  TIiIn  niiiuiiIn  rhllciilimsty  otivlou*,  Iml  iin  ii  mol  lor  of  ex- 
Itci’lciiw,  HiIn  oiiiollt p mi  mm  try  no  ineiom  nlwnys  met  In  the 
eit«eN  wit  h  which  we  hint  ex|mHein'n, 


aisled  nf  even  find  recognition  by  mllltnry  authorities 
of  the  nereanity  fur  quanti tatter  tenting  muter  controlteit 
roiulilion n,  Ingulher  with  annlytiml  (uftm  ntntiaHml) 
anninlmre  in  tfw  planning  nml  (hit  inter prtteiliun  uf  thr 
tenia, 

The  luitluir  wiin  present  at  Home  of  the  demonstra¬ 
tions  of  mllltnry  equipment,  given  In  the  punt  (about 
four  or  live  yoni'H  ago),  These  tec  In  were  wholly  In* 
iidequnte  from  the  standpoint  of  controlled  wleiitlflu 
testing,  nml  eertidnly  nIuiiiIiI  not  Imvn  constituted  a 
IiiinIn  for  neeeptiiuro  or  rejection. 

The  iidvnneeM  in  objective,  qnmitltiitlvc,  and  con¬ 
trolled  tcHtlng  of  tire  control  equipment,  for  example, 
Inivc  iieen  grent  mid,  ll  In  hoped,  IrreverNlble,  The  de¬ 
velopment  of  dyimmle  IohIoi'niiiiiI  uasuclntiod  eoinpnt- 
ci'n  for  niitinlreriift  nrtlllery  etpilpuieiit.imd  Ihedevel* 
opmeiil  of  grout  tenting  coglucN  for  plniie-to-plitlie  lire 
control  eqiilpment  eoiiNtltute two greni  conlrllnitloiiN 
to  IIiIn  Held,  both  enrrled  old  by  Division  7  of  the 
NDItC  mid  doutitlcNN  fullv  c  me  red  In  tin'll  rcpnrtN, 
The  development  of  enmern  testing  proeedlireN  mi  id 
(lie  dcnlgo  mid  iiNNeNNineut  of  tiring  tent  proeedlireN  for 
flexible  idrcrnft  gunnery,  the  iiimlywlo  of  friinglble 
bullet  trials,  nml  n  huge  number  of  other  HlmllcM  nml 
develojimeiitN  were  nlded  by  AMI*,  mid  me  covered 
In  I’ort  I  of  HiIn  volume.  > 

Hue  of  the  huportnid  pnietlenl  leNiiltN  of  niicIi 
analysis  of  device  performance,  nucIi  NtmllcN  of  de¬ 
vice  puepiwe,  nml  noeh  tenting  uf  device*  oh  In  here 
envisaged  In  the  emergence  of  Home  rntlofttd  IiiinIn 
for  netting  inililui'i/  reipilremeutn  nml  nlno  for  netting 
the  netoid  pi'otlnrlioii  nprrijiiailhiun  which  munt.  bo 
met  by  the  loiiiilifneturor.  Too  often  mime  mllltnry 
hom'd  lien  In  the  pirnt  put  out,  with  pronmnidily 
ntridgln  fneen,  u  net  of  mllltnry  reipilreiui'iilN  which 
eonie  ludicrously  clone  to  deimimllog  n  device  of 
perfect  nceorney,  nlmpilelty,  mid  reliability,  nmiill  In 
dimension*  nml  light  In  weight,  deinniidhig  no  nklll 
from  the  opemtor,  nod  being  producible  tint  of  nun* 
erltlenl  miiterhdn  In  very  little  time.  Too  oi'leli  Mm 
tolenmeen  net  In  the  uimmhictiirliig  npeelllentioiiN 
neem  to  be  boned  not  mi  much  on  nu.v  rntloind  require* 
meot,  but  rut  her  on  the  notion  Mini  the  mnuni’iiei  nrer 
In  Imvhig  too  rimy  u  time  of  It  If  nny  reunomible  fine* 
tloo  of  liln  output  jiiiNNen, 

All  these  questions  of  device  iiiuiI,vhIh  it!**!  device 
tenting,  mllllnry  reqiilreiuentH,  Held  trials,  etc,,  are 
InleiTclidod  In  mieli  n  way  that  wnnlhle  progress  can* 
not  lie  made  uulenn  the  orgiiulmitloiial  ntruetitre  of 

■Her  utno  (lie  eommciitn  it  the  prevliMin  nectleii  of  Min 
present  ctmpmr. 
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the  mllltnry  group  Involved  In  niioIi  iih  lit  permit  the 
reipilnlle  hderhiokiug  of  ticrl-l vi t-lt’H .  At  the  rmpnwt  of 
Dc,  Mlwimi  L  HomIok,  Kxperl  ('ommitmit,  to  the 
Hoorotnry  of  Wive  unit  Hpoolid  C'oomiltmit  to  the 
Cotnnimnlltig  (loneml,  Army  Air  l*'nri*«»H,  I  lit*  mitlior 
pro  pn  red  u  memo  eonoernlng  the  development  of 
iiNNONNini'tit  I'nolllt Ion  for  nlr  gunnery  In  tlio  Army 
Air  I'Ween,  Heomt*e  of  Itmlliert  benrlngon  tin*  l**no* 
Jimt  mentioned,  t  lit w  il< ic ii i ill'll t  In  roprodimod  mt 
Appendix  Hiifthi*  I'luiptcr,  It  In  griillfylng  to  lie  nlile 
to  udd  tlmt  wlmn  Dr.  Howie*  Inhiii'iI,  on  April  12, 
IDlA,  ii  loiter  of  liiNtrni’tioii  to  tin  mini  who  liiul  ]n*t 
I  no  'ii  given  ini  inlvlNory  tip)  miIiiI  inioit  In  tlmKoerrlnry 
of  NViii'n  nttli’c,  with  Npci'liil  ri'NpoiiNlMlltl(’N  In  tlii* 
Held  of  ncrlid  gunnery,  lm  mil lltuil  tlm  Wnr  Dopnrt- 
nmnt'N  iiIiiiin  for  developing  nti  iinncnniiii’IiI  itgrimy, 
•uni  (’oimliidi'd  iIiIn  mooIIiiii  of  IiIn  li«t ti*r  with  tlm 
dlriM’l  Ii  hi  Unit  tlm  r<*tiiid<n  ti*r  of  tlm  pnlli>rn  wiin  to 

III . Ill  plot  I’ll  lll'MIg  HllllNlllllt  llllly  till'  Ilium  Nl’t  fill'll) 

liy  tlm  ni<‘ii  i  mu  ndi  1 1 1 1  whit’ll  hud  Imi’ii  In  ii  iIinImh  I  him 
liy  VMI*  mol  mIiIoIi  form*  Appi’iidlx  It  of  till* 
olmpli'r. 

I2.it.  t  Opcnitioniil  ViuilywU 

TIiInIvi . .  liy  lm*t  iron  lol'orred  to  pros  lnn*ly 

In  till*  I’hiipti’r,  mill  It  lli’N  oiiInIiIi'  hot  It  tin-  piirpow 
mid  tlm  I'litnpi'li’Mi't’ of  tlm  pri’Ni  1  mil  Ik >r  In  odd  Imri' 
imy  ih’lnlh’d  ih'Ni’rlptloii  or  eiithpm  of  opi'rnllonid 
(II(iiI,vnIn,  It  tntiHt,  I tow over,  lm  limlndi’d  iim  i<  intijor 
It  out  In  llm  IInI  of  hntiortiiiil  wny*  In  will'll  inidlio- 
imiili'N  ni’I'vi'n  tin'  wiir  i’ITi nt , 

I  )j  ii’i'ii  t  Ii  it  hi  I  Hi’Ni’iiri'li  Him'IIoiin,  working  In  llm 
viirlmiM  Ilmidio*  of  will',  tin’  I'oiii'i’iimd  with  niii'Ii 
i  1 1 1<  'm|  Ii  it  in  iim  ; 

1  How  wi'll  lire  wo  n*lng  ii  I’orliilii  dev  Ire? 

2  llow  on 1 1  wo  UNO  It  more  otTi'i't I vi'l.v? 

It,  Wind  minin'  (limlndllig  Hold)  iiiodllli'iillon  of 
t IiIn  dovh’i'  Mould  limroiiNo  It m  olTi'i'l Ivoiionn’ 

1  W  lint  dovli'i’N  do  Mi'  ni'od  tlmt  mo  do  not  linvo? 

5,  Wind  ni'o  tlio  i'ii 1 1 mi ’n  of  onr  niii'ocnhon  nod  lull* 

lll'ON? 

tl  Wind  r<'*idt*  nro  wo  got  ling  iignln*!  tlioi'iminv? 

7,  W'lmt  nIioiiIiI  mo  do  on  llm  next  iiiImmIi hi'*  loir 
oMinipIo; 

n.  If  mc  nttimk  on  tlio  di'i'k  will  onr  wing*  nIIoo 
through  I ni mini'  ImiIIiniii  ciiIiIon  m if linltf 
inti|iilliitlon? 

h  If  mo  moot  Jot  lighter*,  wlnit  rnlo  of  thnmli 
Nhnnid  onr  w<d*l  gunner*  nae? 

o,  1 1 om'  ninny  liotnlw  nimnlil  wo  drop  In 


It  In  olonr  tlmt  tlm  miooph*  of  Midi  group*  rle}>eml« 
oNNontlnliy  out  (I)  the  poiwinid  iilmmeterlNtie*  of  (ho 
mouther*,  purl  ion  Inrly  Iholr  nhlllty  to  moot  field  eon- 
dltioiiH,  tholr  nttltndo  of  nn*olfi*h  Norvloe,  their 
wllllngne**  to  tolornto  inevltiiido  IlnvHidlnn*,  tind 
their  on  purity  to  got  uiong  with  mllltnry  roninmnd 
mill  with  nporiitliig  porHotmol;  (2)  the  *prottd  um I 
oxoi’llonoo  of  tlio  no  let  ill  Ho  teehnhpioN  wliloli  they  omi 
iiinko  iivnl  lid  ilc  (!ir*t-rntr  pure  inn  I  nppllod  inidlm* 
iinitloliiiiN,  nIiiIInI h'lniiN,  phyNli'lNlN,  engineer*,  p*y- 
rholnglwl*,  pliy*lnlogl*t*,  oti'.Ii  mid  (ii)  the  niilNtiinil* 
lug  oxoolloni'o  of  their  toohnloiil  loniloi'Nlilp,  l''nrt her* 
linin’,  they  I'linnol  work  to  iiiiythlng  like  full  iidvnn* 
luge  nnloNN  they  nro  linokod  up  liy  n  cent nd  homo 
iigoiioy  mIiIi’Ii  oiirreliito*  mid  oonipiiroN  their  viii'Iimin 
linding*.  poliilN  out  diiplli'idloiiN  of  ofl'iii't  mill  Monk 
polnto  lit  llm  pnigrmu  of  oorlnin  group*,  mid  onrtioN 
mil  iIiono  no  no  IiiinIo  mid  Inug-tcrm  m(  imIIom  whirl) 
Oiiiinol  pond  My  lie  full  id  It'd  liy  lloli  I  group*, 

ts.iu  (ienernl  ThoorU'* 

ThU  loplo  like  l  lm  pri'oodliiK  one  lm*  boon  Inolndod 
lioro  pi'lnnirlly  no  I  lint  t  lio  |in’*onl  lint,  lie  onmplot-o, 
Hliioo  lid*  olniplor  lm*  lioon  olilotly  I'liimornoil  wl'h 

liidlenlhig  llm  mil  nro  mid  . .  lm  mil  thoorlo* 

of  nlr  Miirl'iiro,  or  of  wiiiTuro  In  goneriil,  It  dor*  not, 
Nooiii  iipproprliito  or  iiocoMMiiry  to  roponl  liny  of  tlio 
ili'Moripllon  or  inguim'id  hero, 

It  U  Iiomovoi'  liopoil  tlnd  the  fnoi'o  i  ii’l  n  I  led  00111- 
lootit*  of  tlm  pii'Noiit  Milt Imi  on  "Mnt hound ionl 
\inil,v*e*  nod  Wiir"  Mill  Nervi'  to  Indlonlo  tlmt  llm 
goncriil  mIihIIo*  tlm  geiieml  plim  for  tlio  *lnmtnro 
of  dofoiiNO  mid  Mur  linvo  iividlnlilo  11*  iioi'o**iir,v 
Imlldlng  tii'lok*  11  vn*t  iiimilior  of  ilopotidiililo  mid 
o**ontliil  hidlvldiin I  or  mlrio-*lndle*, 

ta.itoi  MMItlmuil  (hniunml* 

Sit  In  until  mo  linvo  now  ooni'lndoil  the  ronnirk*  fore* 
on*t  in  llm  mil  lino  id  tlm  heglutiltig  of  till*  *eoi-ioit, 
t  ht'i'i’  I*  nim  toplo  M'hloli  1  in  ol  1  m  mi  mu'  thud  onniniont* 
Kerry  Held  of  iimllioniullo*,  Including  *onm  of  tlm 
tm i*t  nliNtriiol  mnl  orndlto,  lm*  Invportmit  eonfrllni- 
t Ion*  to  iiinko  It  Mould  *00111  nintoi'i'NNiiry  mnl  por* 
Imp*  o\ on  imfortiinido  to  Mingle  out  *01110  Npooiid 
Hold  lor  Npi'olid  I'linmiont,  lint  tlio  fuel.  roimiln*  tlmt 
11  grout,  ninny  nnillmmidloliin*  owpoi'htlly  Millie 
*0-011  llod  pure  nmtlioniittloimiN  Imvo  In  tlm  pn*t 
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liomi  relatively  imintereslmj  in  Hie  subject  uf  nmlin*- 
mntlwil  xtntlstle*,  and  the  fact  nlm>  remain*  Hint 
mnllietnntlml  Hint  Mien  lifts  proved  to  In*  nit  exceed¬ 
ingly  powerful  inn!  useful  loot  In  connection  wlfli 
ninny  war  problems,  Of  the  three  volume*  of  Dual 
reports  of  AMP,  olio  In  devoted  directly  and  exclu¬ 
sively  to  slnllstlmi,  wlillo  Hie  present  volume  leans 
oti  tlnil  subject  lionvlly,  If  AMP  lunl  iIoim'  tiniliitiR  lit 
nil  except  wlmt  It  i ll> I  Iii  applying  nuil  lioinnt  leal 
stnllstles,  Ito  budget  (to  put  tin*  mat  tor  on  n  vary 
prni’llrnl  basis)  would  Imvo  been  justllli'd  many 
times,  Ono  |  m  rt  Ion  In  r  nppllontlon  out  of  very  ninny, 
for  oMiinpIo,  would  Imvo  offm'led  ntonoy  savings,  If 
the  wm'  lind  oont linioil  until  tho  mid  of  101  A.  at  u 
into  In  excess  of  ono  nillllim  ilolturK  n  nnnitli,  thin 
money  saving  being  less  Important  tlinn  the  tint 
tlmt  tln<  linpmvi'il  met  In  h  I  oonlil  prndiioo,  ut  tho 
llRhllng  fronts,  niori',  mid  oortnliily  n  linin'  accept- 
nldi'  ipnillty  of  nninninltliiii  11 

*  *  ♦ 

Tliori'  Is  0110  furl ln<r  postscript  ri'iniirk.  Ono  him 
known  of  Instmiccs  In  wliloli  our  mil  It  ii  ry  lender* 
were  skeptical  or  own  contempt  non*  of  tho  linpor- 
t ii i loo  of  oortnln  weapons  or  tci'hnhpics  until  wo 
lonrni'il  something  iilioiit  tliom  tho  hnrd  way,  from 
thoonomy,  And  thou  we  suddenly  accept  tho  wlw loin 
nr  necessity  of  those  weapons  or  icclmhpie*,  mid  gel 
feverishly  to  work  on  I  limn, 

It  miiy  tliorcforo  ho  desirable  to  point  nut  tlmt 
will'll,  uftor  tho  wiir,  tho  lending  m'lolm III") Iclnn  of 
( lorniiiny  won  IntorroRiitod,  In*  rmiuirkod  (lint  ho 
I'ulisldarixl  It  iim  Rood  iih  oortnln  tlmt,  hy  statist  leal 
si inly,  I'flli'lonoy  factor*  for  battles  between  forma- 


floitn  ran  ho  devised  whirls  permit  ono  to  measure  the 
wiir! It  of  tho  armament  arid  uf  tho  llrn  oontrol,  Tills 
Hillin'  (lorinitu  expert,  after  describing  Hn'lr  studies 
of  vulnerability,  pursuit  nnd  tutlipitrsuH  at, tanks  »f 
flRlitoi'N  on  Inunbcrs,  combat  film  analysis,  etc,, 
rmnurkod  tlmt  tho  basic  pnrposos  worn  la  nmly w  air 
warfare  nnd  la  In//  ohjerlive  faun'ialiaue  far  fheoreUml 
uluiUre  uf  tarlivn-trrhnieal  i/iwHfianH, 

To  Imlii'iito  wlmt  almost  Incredible  dolnys  aro 
somcilme*  Involvod  hoforo  in;  ossnnthil  Idoa  Is  ab« 
surliml  into  military  pniotloo,  tills  onomy  export 
mmitlonml,  oonoornliiR  I  ho  nm<  of  riiii  oninmis  to 
ohtiiln  iim'ossnry  i (mint It u 1 1 v<< dntn  on  norlal Rtmnory, 
tlmt  In  <  li'i'iimiiy: 

I,  Tho  lili'it  wns  proposed  iIiiiIiir  the  Spanish  War, 
III, 111  7,  hut  tumod  down  l»y  tin*  Service, 

3,  Tho  lirst  Him  strip  of  o  NpHllrc  kill  wns  nssossod 
In  Novmnhor  It) It). 

!t,  Tho  llrsl  hs'turo  on  tills  subject  wns  rIvoii  lie* 
fore  tho  1  icncrnl  Htnlf  of  the  (lAl''  seven  moutlis 
Inter  (.tilin'  It),  lt)ll), 

f,  The  lirst  nnnlysls  section  wns  set  up  nearly  ten 
mouths  Inter  (April  I,  II) HI). 

ft,  ( lunuery  iissessnient  wns  "recognised"  hy  mill* 

I  ary  nulls  soiuetlme  In  II)  1 1. 

it.  A  eeuli'iil  ellh'leot  assessment  hnieitii  wns  llimlly 
set  up  about  sin  on  yours  (October  I,  lilll)  after  the 
idea  wns  lirst  proposed, 

The  pri'sent  mitlior  Is  rIiiiI  to  he  aide  to  make  this 
point  without  Urn  necessity  of  using  lomi!  data,  in* 

deed  mir  . . ml,  In  the  di'cmh'iit  nnd  mmmllltnry 

denuiei'iiey,  Is  n  Rood  deni  hetter,  Hilt  If  we  wind  to 
exclude  ii  completely  disastrous  “next,  time,"  It  must 
he  much  heller  still, 
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. .  eiiimimntx  of  Dr,  N,  H,  CniriiH  linxcd  on  Id*  ox- 

hhIi'iii'ow  nx  mntlintiiudcnl  "uiixultuiit  to  tlmArmv  Air 
A'l'W'x  Ha  mi  i'll,  Orlniuio. 

Tim  follimiiiK  t*iin»iH*»n*H  nn<  Imwil  on  over  Iwoiitv 
iiioiilloi'  ox|imli>m><i  with  dm  Army  Ale  l''uren*  Hnnni, 
Orlnitilii)  I'loiiilii,  nx  it  mu  I  liom  n  I  ltn  I  oiiuxiiitniit.  Tim 
wrll4*r m'i'vi'il  In  dilx  on|molty  fnnn  I'VIniiniy  HIM,  tlm>nK|t 
I  Holme  ItMfi,  II X  II  iihmiiImm'  of  tlm  Sliillxllcnl  doxi'itrili 
<  leonp  I'elimi'loii,  iimlnr  «IIiim>I  Ion  of  tlm  A  p|  allot  I  Mnflm* 
itiHtii’N  I'liiai'l  ol  Ilia'  NIMH’,  TIii'mo  a>a am i himiI n  mi1  iilfomd 
In  tlio  lio|Ht  1 1 111 1  I  lii'V  limy  |  hi  no  iixefid  In  t'linntHliiii  ivltli 

Nil)  fiilueo  | llano-  foe  ftltiillnr  niiixiillln«  non  Iooh,  . . . |n||y 

oh  llm  | iii el  of  iiillllney  >>ruiiiil*iilliiii»,  ilnetiicc  olllmr  iii'iifc 
oe  wne, 

A  «ront  Iiooil  oxixtoil  nt  tin  llonul  foe  llm  xeevlfox  of  n 

Ki'imeiil  i  mi  1 1  (i*niii  I  Ion  I  . xiilimtl,  'lid-  nooil,  wliloli  will 

|iei««nniiilily  ootilltiiio  •  In 1 1 iiu  | ii 'll co  tlino,  mixnx  I'einii  llm 
llli'l  1 1  hi  t  llm  limit'll  ix  i'l  in  I'Ui'i  |  w  1 1 1 1  Ic-IIhu  noil  ri>|  m  <e(  1 1  lit 
mi  now  i'i|iii|iiiii'iit,  ini'l  Iti  it  It  of  i'iii|i|oyiiii'iil,  iiihI  ini'i  ionl 
ipli'wt |i iiih,  with  n  view  Iii  i|ovolii|iiiiK  i itlicin I  Army  Ale 
l''oll'IW  |  II  llfl'll'a,  TIll'HO  llUtll'X  Ilf  III!'  Itmil'l  full  fill'  ||  ft  hi  i> 

I  limit  ii  hi  of  |ii'ixiiniiol  Im  vIiih  <<  hi  1 1  hi  l  !•  v  |  llli  i  In  ixo 

Imvlnu  mi  ill  li'li'ii  I  Mi'iniil  llto  IniliiliiK,  I  liii'l  iik  wiieliiim,  iip 

•n*dlll . 'lilt'll!  nX|H>i'|cimn  i  n  ii  Im  |ieovli|oi|  liv  ii  xyxtcut  of 

iixxIkiiiiioiiIk  of  olllooi'N  froxli  iniio  nceixoii-  dudim  Thlx 
Will  ll'll"|l|lllli|v  III . .  hi  dio  1 1' hi  ii  I,  lliointli  dm 

"llli'i'iN  Iixxlmii'il  llmei'  ivoeo  mil  Hy»loiiinlli'iillv  xolooloil  mi 
•  In-  hnxlx  of  tiny  imi'iillnr  lltimxx  foe  llm  muk  of  dm  lloneil, 
Tlio  i'iii|>li  li'iil  km  in  leilm.  | i"iv liloil  |iy  m  live  mililuev  xorv- 

loo  n . .  In  Im  xii|i|i|«iiioiiloi|  liy  llio  iiliilidcx  of  o\|ioil- 

. . I,  xi'loiillHi’iilly  l  m i him  I  |mrxuuunl  Tlmee  wiix  it  xoi  ioiix 

"lioel into  of  miu'Ii  |N'ixoniiol  ill  llm  lloneil.  Ii  mu)  ulxo  ho 

lllllOll  llllll  llll'lf  WIIX  HO  II  il||M|l|l'llll  (I  |  l|l|’l'l>lfl  llmi  of  iliix 

luck  tie  of  the  | « it  on  I  fii  I  i  I  li<x  of  nuulyllf  i  iii*  tl  M  it  |x  m|i|  ilii'i  I 
In  lltllll)'  of  till'  I  tl  in  1 1  I'm  |  il'i  il  ill'll  Im, 

Tim  wrili'rV  poultliiii  nx  I'tnixullunt  mix  xnumw  1ml  In- 
furtimll.v  oxliiMIxIidl,  In  dm  fullin',  It  wmiltl  ho  well  If,  in 
llm  foeiiinl  xliili'iimnlx  ilollnliiit  llm  Itufinl  (oe  uny  «lmilm 

ll|ti'lii',Vfi  x|  ii'i’l  lie  Iitiivlnioli  Ill'll'  Hill'll'  foe  II  mill  I  ii'i  1 1  ii  I  li'ii  I 
oiiimiiliHiil  with  ii  i li'lliilt |i in  of  Ii |m  iliidox,  hlx  |iel\  lli'itox, 

iiml  hlx  xtuliix,  Tim  folliwvliiK  "UKKoxtlnux  mo  In . .  Mn 

lh"  v  eilor'x  . . .  In  I  lel'imlii,  wlmro  llioim  i|iiox||iiiix 

"oeo  xodloil,  linin'  oe  lux*  anllxfiiclnillv,  Hy  un  iwuliilinuiiey 
llllll'"""'  Muny  of  Hio  "liuucxll'uix  ini'  iifli'dlioiiKlitx,  Ax 
"in'll,  linn  iieo  not  In  Im  I;iIoi'|iikIiii|  u«  nilvoexol.v  cilili  nl  of 
iinyoim  I'oimueimil,  In  nil  iieoluihlllly,  fimniililo  m  l  Inn 
"oillil  lot  vt'  I  men  Inkou,  ivlioiiin'oe  |ieiiolli'iililn,  mi  uny  uf 
llioxo  xiiKuoxtliiiix,  Iiml  they  linen  olToioil  iliieluu  tlm  nerlntl 
of  lioxtllltli'x! 

I  It  lx  ili'xlrttlilo  foe  ii  innnilfunt  to  Im  ii  I'lviliun,  xo  dint 
Im  tuny  Im  feoo  from  tlm  leenluviiiit  iix|M'ctx  of  mlliluey 
I 'in  Hiii  il.  Ax  it  i'lviliun,  Im  oiiii  freely  iixxoi'liito  with  null 
iixpeiwx  lilmxiiK  tonllli'i'i'xiimlmillxtoil  niou  of  nil  emikx  nml 
ttntilfw,  ('onvi'iexi'ly,  Immili  Im  u|i|i|‘iinoIh<iI  with  oi|intl  few 


iliini  liy  nil  i'Hto({iieli<*  of  iiillllury  jmexoniml,  llo  xhoiilii,  of 
I'ouexo,  eci'oitnlim  tlm  millmrity  of  tlio  fiminmudltiK  uflleor 
of  tlm  | mxt  to  wliloli  Im  lx  iixxIkuoiI. 

!i,  Tlio  inivlli'Box  of  n  I'oiixiilliiiit  to  dm  Hotted  ulioiihl 
loelmli'  llio  ii|i|ioetitnlty  to  I'liinnicnt  on  nil  uNlolnl  iieojoeix, 
not  merely  on  llioxo  ei'KiieillliK  wliloli  Im  lx  foeinully  ti|i* 
lii'iiin  lmil  Ii)1  tlm  |in ijuct  (itlli'oe,  Ton  feoi|iiondy,  n  |ieoJoi'f 
oflicoe  doi'x  not  eon  lino  hlx  turn  ui'cil  foe  loi'linicul  uxxlxtumn 
oe  olxo  ik ion  not  ii|i|ieooliito  tlm  imtontlul  Viiluo  of  uiicli  lml|i, 
Muny  Hi  uni  I  jitojootx  ivoeo  furrlml  out,  Ixitli  Imfoeu  nml 
'•'ii'iiiK  tin*  weitoe'x  utiiy  ut  tlm  Honed,  wliloli  cmilil  Imvo 
I"'"*1  lni|iiiivod  nidi  tlm  uld  of  iiiiilhiioiutli'ul  iixxlxtuni'o, 
In  llm  oiixo  of  mi  mu*  |  ala  tjci’l  m,  nilvloi'  wiix  xmiltlil  ton  Into, 
«ft"t  text «  Iiml  I  at 'i'ii  ili'xluimd  mid  |H<efoeiimd  In  n  mu  ime 
Inn  1 1|  hi  i|  nln  tc  in  dm  rctfiiiti'd  imulyxlx  ( 'oiiMidliitinii  on 
'li'xtKit ,|f  ti'xt"  lx  of  i'h| ii'i'iii I  ii!i|", ii, unci', 
it,  Tlio  lui't'odliiu  Item  i 1 1 1| ilii'M  dint  tlm  Hnurtl  I'linxidtnnt 
xlmiild  |uiet li'i|iiitc  In  tlm  m( n IV  inci'llnK"  ut  which  |ieiiJootx 
nei'illxi'iixxod  I Ic xlmiild  ho  ox  |  met  oil  to xiililiilt  xiikkoxIIoiim 
foe  now  iieoji'ftx  iilmn  they  xoont  ii|i|iiii|ii'lnto,  Tlm  welter 

"tti'ndi'il  ii  lew  x tn IV  nmotliittx,  lull  only  whim  hlx  |irexi> . 

wiix  ox|n>olnlly  eoi|noNtoi|  I . . Inn  with  u  imedoidue 

lirojoi'l  on  n hli'li  Im  mix  i ilholtlll.v  itlvlnu  iixxlxtuni'"  llo 
w u x  iilwuyx  floe  in  nlTce  tuiituoxilmix  of  uny  xnrt  through 
* ittlooi x  on  tlm  Itmiid  ne  dleoi'tlv  to  tlm  I'mxhlout  of 
tlm  lh  in  ed 

T  ***' mu'  ei’llulili'  xyxtoni  xlioidd  ho  not,  n|i  wlmeoliy  nil 

I'll  f  llllll  I  tig  dlll'IIIIU'lltx  Ilf  |  II  ixxll  lit*  lilt  01  I'M  |  III  till'  I'l  IIIMIlltll  lit. 

xlmiild  itmxx  hlx  doxk  Tlm  eox|iouxihlllty  of  llllluu  out  eoiit- 
l"K  xllpx  nl  llio  Hon  ed  fioi|iioiitly  dovolvod  on  ihmxoiih  with 

xti'"ii|t"l\  1 1  tl  i  It  oil  Uodoiix  nr  dm  lirniidtli  of  tl . . 

li'Kitlmuto  lol"ioxtx,  xm  iIiiii  iminy  . . .  of  iiii|Mietniifi< 

to  him  I'llliof  novoe  eoiiolmd  him  oe  olxo  fume  to  hlx  niton* 
thin  only  hy  iii'i'li |i<nt 

A,  Tlio  i  iilim  uf  it  . . . . ii n I  In  tlm  Honed  would  Im 

. . I  f'V  dio  xoifioox  nf  mi  nxxlxtnnt  im  |  ml  dr  of  doulhitf 

w  ith  emit  in.'  nintloex  luvnlvjiiK  I'tmlitliifoew  iieil  i'oiii|mtii- 
tloiix,  i|uoxtioux  of  tiiKonoiiiotry,  mnl  xn  mi, 
tl,  A  oiiiixulliuit  ei'i|idec*  (nml  llio  weltoe  eoi’olvod)  ovory 
in hihIi loeut km  In  tlio  imittof  of  xooeotiielnl  xoevlfox,  olltoo 
xji|i|iliox,  nllli'iid  inidlliiu  | n  l v  i li'ui'M,  mill  nveeyddim  olxo  of 
llio  XOI'I  Ill'fOxxiO’)'  to  tlm  I  ll'lTl  11  It  1 1|  |  KM  III  hlx  dlltlon, 

7.  \  loohnlfid  ooiixultmit  xlmiild  Imvo  . . lilt . .  hlx 

own,  n  1 1|  ivi  i|  nln  tidy  Inholfd,  Tlm  weltoe  I'muo  to  ho  nx- 
xoolnlod,  In  llio  iiiludx  uf  uiMxt  iilllooex  nl  tlm  Honed,  with 
llm  Armuniout  1  Hvixlmi,  xo  Hint  momlioex  of  mime  dlvlxlnnx 
imoHxliimdly  foil  they  ween  ImrrnwIiiK  hlx  xoevioox  wlmn 
I  no)1  oouxultod  him,  Tlilx  xliiiiidiin  mi  mo  |mellv  lu'omixo 
tlm  weltoe  xlmeod  un  nltliv  with  inoudioex  i if  llm  Aemnumut, 
IHylxlim,  nml  |iuetly  liimuiixo  Culuiml  V,  t’.  Iluirxiiillli, 
lldof  of  (Imt  dlvlxloti,  wnx,  of  idl  nltifoex  nu  tlm  Him  nl,  dm 
i|iil"kox|,  to  n|i|ieooluto  nml  uvnll  Idmxolf  of  tlm  xoevleox  of 
dm  fiiiiMiiltitnl ,  Tldx  xlttmtliin  Iiml  noeiidn  mlvniittmox, 
"Info  tlm  I'oiixiiltiiid  wnn  olilo  to  Noimeo  Coliinol  Jltilf. 
xndtli  x  mlvloo  nml  hm*klut(  Im  iinxIkiiIiik  liln  own  imenniinl 
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priorities  to  different  task*  a  very  Ucklii.ii  problem  when 
several  pmjmtt*  were-  simultaneously  culling  for  urgent  at* 
Unitlim,  If  tin*  recommendations  lin|»il«aj  in  till*  tnenm- 
riiiiiliun  were  followed,  a  iiintlmnmlleai  coii*iiltiint  to  tlm 
Jhmril  would  Im  greatly  overburdened  during  wartime, 
mile**  he  win.  hi  n  |Hi*ltloii  (n*  ivii*  the  writer)  to  refer 
jmiblem*  promptly  to  such  agencies  «*  tlm  vurluii*  AMI’ 
groups, 

N,  It  should  lie  iiiider*tood  In  nilvitiicc  that  n  teclinlenl 
I*  entitled  to  military  order*  when  traveling  on 
the  h indue**  of  the  Hitnney  to  which  lie  I*  assigned,  The 
writer  succeeded  In  making  arrangements  for  the  renuinr 
u*e  of  *m*h  order*,  mtthorUliiK  travel  by  government  air¬ 
craft  nod  granting  |iriorllle*  on  eoiiniicrclnl  nlrcmft,  idler 
he  hud  served  ill  null  u  yenr  In  hi*  |*i*t  at  the  I  ton  id 
I),  In  general,  n  dettnlle  iirriinitciocnl  should  lie  iiuide, 


imiiiap*  hy  nn  A(iO  puss,  or  other  suitable  offlciftl  rloeit* 
ineiit,  wlierehy  ii  consultant  would  lie  assured,  wherever 
he  went,  of  nil  appropriate  right*  end  privilege*  of  n  field 
grade  officer,  These  affect  UHsIgnment*  to  sleeping  ipmrters, 
Officers’  riuli  iirlvllcge*,  outing  In  n(Hi<er*'  tnesseN  mid  so  on. 
The  writer  reeelved  *iieii  considerations,  nfter  a  reasonable 
period  of  "lireitklng  the  lee,"  hut  they  *hoold  lie  recognised 
H*  prerogatives,  rather  than  ns  personal  eoiirtesle*, 

It),  I  tilling  wartime,  n  eoumiltiiut  to  the  Hnnrd  could 
neriisloiinlly  benefit  liy  visit*  to  netlve  theaters,  Hueii  visit* 
would  nlniost  noeessmily  entail  the  avallalilllfy  of  more 
than  one  consultant,  so  Hint  duties  would  not  suffer  dining 
prolonged  trips,  There  were  occasions  when  the  writer's 
work  rm| ul red  Ids  presence  In  Orlando,  even  though  eer* 
lain  cx|Htiiciices  elsewhere  would  prohnhly  Imvc  Increased 
Ills  value  to  the  Monril, 
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illicit  in  mu:  com  hoi.  im  kioph t:\rs  i\  ran  aaf' 


I'Vhnmry  *JM,  IIMrt 

1,  St'n^w  nf  Untio, 

I  I  Tlti*  menm  him  I  men  wrlllen  In  ren|imino  in  n  re* 
'(iienl,  frinri  Dr  I'l.  I.  Ihitvlen,  fur  niiKKentiniin  eMiirernliiK 
tin1  iukkiiIdmI Inn,  |irnui'MMi,  mnl  «tnlT  nf  nn  mm  Ini  nunnery 
rmnnreli  mill  nt  I’.nlln  Meld, 

Tim  iiintneiil,  Imwever,  min  nlleiii|il»  In  muilyne  ihi» 
linllv  l< I  nil  I  hD Hill  Inn  lie  linenine*  llc'«en|iiili|y  llivn|yni|  ill 
(lie  hrnmler  pmlileiii  nf  ilin  wiiy  In  wliieli  I  lit*  AM1'  hn  u 
tt'linle  iirnyhli'N  for  the  develM|iiiienl  nf  new  ilevlren  mill 
leelmhiiien  nf  nerliil  wiirfme, 

Till'  I  Hilly  nf  the  pi'encHl  Kirilin  l«  Hmiefnre  devilled  In 
nil  mmlynU  nf  ilm  limed  | iri il ili'ii i  iiikI  (lie  reeniiiiiii'iiilii- 
iIiiiih  rnlntliiK  n|ieeit|enlly  in  nunnery  renenreli  hi  Mnlni 
ure  In  lie  fniiiiil  In  A. 

»  Thv  I'll  n  flii  hi  it  I  Illinium  In  hrn  n  thr  Shim  hiiiilvul  m 
/'/»iiir*fii*/Vn«i‘  f  'imlrul  I’rnlih  mu. 

<M  llu  (lie  rinw  ( 'hurl  [given  In  l''lnnre  I]  in  m'lieinnll- 
enlly  Imlleiileil  Hie  liniin  »ei|iii'iieenf  I  In*  h|i>|ih  ii  ivii  I  vim  I  in 
|I|I>  ki'III'hIn  mill  Mnli  it  It  in  nf  (lie  I'l  |I|  1 1  il  lien  I  plnlilelnn  III 
rlnih'dinplnne  lire  emilrnl.  The  ilinin'iiiii  in  I  lit  fin  lei  I  In 
IliiKlrnle  llm  fuel  He* I  (lie  iiiilllnry  |imlilein»  mine  frnni 
in  uni  hi  I  need*,  mnl  |  hi  nn  t  tin  nit'll  ii  Herlin  nf  »|c|h  whieli 
nilniiniile  In  new  ei|iil|iiuenl  In  eniiilmt  n«m. 

'J.'J,  ,1  ir  Wiirfiin  .1  mil  uni*  [AWA]  neeii|ilei<  n  eelillnl 
|ilnee  in  the  dlngimii  mill  nlmnlil  In  fuel  etmrelne  n  cen* 

i  in  I  mnl  I'nrrelnliiiK  f  n  net  inn  In  the  iieiinil  nr . . 

The  AWA  Kiuiiji  -In n i M  develip: 
li.  Knowledge  Ilf  the  lllimilltnlive  theory  nf  Hie  Inetleiil 
mnl  nlrntegle  prnliieiiin  nf  nlr  wnrfme, 
h,  KiiiiwIi'iIki1  nf  Hie  mnilytli'iil  thenry  nf  ithernfl.  lire 
eniitinl  in f i il| n iii'ii t  (night*,  nighthig  tneelmtilniii", 
Imnilmlghtn,  rnekel  *lgiiln,  turrel  eniilrnU,  ete  ), 

I'.  Knowledge  of  the  I  henry  ( |il'<ll  Illlillit.v  mill  nlllilnllen) 
iif  nldnliilng  hit"  In  nerliil  nunnery:  mnl  nf  the  | in » • 
eeditren  fur  entlmiitlhg  the  elTeetlvenenn  nf  aiieli  iiltn 
(vnlncrnlilllty  thenry). 

il.  Knowledge  nf  the  |Mvi'lmlnglenl*phynlMlMglenl  »«• 

| H'et a  nf  the  iiniiMimehliii'  eniiiliiimllniiN  In  nerliil 
KMlitiery  (tnicklng,  Irnhillig,  ete.), 

e,  CnrreltHed  kiniwIeilKenf  nil  tlllM  netlvlllon,  In  fuel, 
AWA  nlmiihl  nerve  rm  it  enntrnl  group  which  million 
Hie  aotlvIHon  nf  the  nopnrtito  l)|ieriitlon  UeHeiireh 
Meet  Inin;  mnl  nlmiihl  entry  out  I'ompiiiHtlvo  nnnlynnn 
nf  Hmlr  wi|mritte  finding*, 

f,  In  nihlltlnn  hi  thin  liirgo  Irmly  nf  nolnetllle  mnl  teeli* 
nlenl  knowledge,  the  AWA  |(rnii|i  nlmiihl  nlwi  Imve 


m  Kxi'cpt  fur  iiilimr  olmngon  In  fiirin,  wliieli  iln  m ih  nffoet 
I  tm  mil ijent  mutter,  I  him  In  it  copy  nf  thonrlgliiid  nieinni'iiinlmii. 


nil  mnlorntmidlng  nf  the  |ti‘itet |ch I  |irnlilenin  Invnlveil 
In  the  liitmilnetlnii  nf  netv  equipment  (Inglnlicn, 
npme  | met  mnl  iiiiiliiteiimiee  nervine,  tridnlng,  ete,). 
The  |iiii'|nimi  nf  AWA  nlmnlil  he  In  jimviile  the  Chief  nf 
Air  HlnlT  w  ith  ex|H>rl  -elentllh'  mlvlee  nn  the  ein|ilnyment 
nf  nlr  power;  In  nmiiiinln  enrreni  Infoiniiillmi  nn  the 


l‘'iui  in;  I  h'lnw  I'lnnl  fur  nerlitl  giimior.v  lire  eniiti'nl 
device* 

Mill*  t'liMfl  N  tint 'Mi  Ihi  i  In*  i*h«i'  mI  idtImI  mmuik'It  t|nv»*!tt|i* 
IIM'lll  M  A  I'll Wl  t*  mIMIIIiM  I'llttf  I  |  Ilf  tlllll'l  I  y  |t«’H  III  IlMHN 

I  #'1)4411  |l|  hi  lift  ill!  HUflrtlt'  tl  Ht'hl'l «,  Mltlllf  (t  <I||n»I|iw,  IiiiImIm.  t'lf.Jl 
Mini  Mu-  AWA  ■IidiiI'I  m»Ti|t>  Mih  urtini*  (iiMitiim  In  hII 

liuMU 

rinn  I"  in*  liilfhMnn  «n  tiMpl.i  Mini  Hi  |h«<*ihH.  AWA 

I  lot'll  mil  i  I  til'll'  HI  i*  lilt  MM'Inl  till  tm  ill  I’f  iwtt'i'iilllii'i'l  Iimim  til'* 
ikMi-it  Mo*  nmlii  liiiii'Hitim  in  iln>  iintniilt*  I’in'li'i  nnr  wmitit  nil 
III  llinmt  lilt t«i*«i  I'hMHO'Miiniti'Monx  lin'i"t"ttl llv  iMIli'llon  ilmtintti 
AWA  if  Him  mi hu | • 

tnelien  mnl  teehnh|iM<H  nf  nerlitl  KHhimry,  iteilnl  Ixiinhliiu, 
ete,;  tn  InveallitHte  the  miitlmtiinHenl  |ir!iiel|ilwi  wliieli 
melerlle  Hie  eninluet  nf  nerliil  wnrfme;  mnl  tn  reduce  tlmne 
|irlnel|iti¥  In  n  form  wliieli  will  unnlnt  the  ntnlT  nf  n  enmlint 
nlr  force  In  Iln  iilmndiiK  nf  nimrittlniw,  Thin  tuny  he  iimro 
n|H'ellh'iilly  ntnted  nn  fnllnwn; 

A,  'I’m  nnnlnt,  Hie  Chief  nf  Air  HtnIT  liy 
n,  Devehi|iln«  n  nolentlflu  noil  nimutlUtlve  Irnnln  fur 
the  Hpernthm  nf  emulmt  nlrnmit. 


CONlTDKNTIAIr 


m 


•m 


Al'i'KNIMX  H 


li.  Ht'twuiliiliiK  tim  crliitlvT  iliwlroliillty  of 

(1)  (HtTi'i’iMii  i'li tPRitrii'si  Mini  ty|w>*  uf  "niuliut  nlr- 
croft, 

(2)  illlfd'dit  oi|iil|tiMi>iil  fuc  il  Klvi'il  I'lmiliiit  nil* 

I'ciift, 

(if)  i|llTi>H'iil  iimtlniil"  of  n|id'utliiK  minimi  iilr* 
I'lnfl,  by  (lie  line  i if  hii  mill'll  of  tiilm  ""Irntlll"  mill 
i|imntllntlvii  IiiihIn  iik  I  him  I  men  iIhvi»Iii|h*iI. 
l<.  \lnkliiK  :i'i-i  ill  l  it  ii'in  In  I  limn  «*•  iltmi'i  |ti<<ll  t  In  I  In  Ml 

lll'tl'lillllillt  ll II I N  Cl . . .  . 

(!)  inllltmy  (•Immclnrlmtli'm  of  fillin'"  military  iilr- 

I'liil't, 

(2)  i'Iiiiiiki'h  In  "hiiriii'l"i'l"ll""  of  |iri'M'iit  niii'iiill 
Cl)  "Iiiiiik""  In  li'iilnlnic, 

I1))  I'lllimtl'K  III  III!'  1 1 1  ><  'll  1 1  l<  II  III  I  1 1  me  Ilf  llll’I'l  lift . 

II  'I'n  ili'li’i'iiiliii'  wlml  lea!.-  innl  "til'll""  ini'  ii'i|iilii'i| 

I I I  lll’l'l  llll  I  i||n||  A,  mill  III  I'l'l'lllllllll'lill  will'll' llll'HC  mill  III  ll  I 

lie  cii nit'il  mil. 

('.  To  mt  inly  tin1  liiinlr  |  in  il  ilcinm  of  In  mil  mrilmi'iit 
iivlntlmi  innl  In  iimilyx"  llm  ri'miill m  of  IcM"  mill  «lnilli'» 

II  III  I  lc  I'lm'U  Ill'll', 

I)  To  i'iiihIiii'I  mil'll  Ii'hIh  icii|  ml  in  llnm  ri'i|iiiii'il  In  iic* 
ci n 1 1 1 ilinl i  A  iim  ilii'  J'lili'f  f  Air  Stuff  iimy  iliri'i'l. 

2, it,  Till'  1 1  In  UI'II  I  ■  i  II'I'I.HIIUI'K  it  iIIhIIiii'IIiiii  Ih>I  \\  ii*n  /Vim/ 
Tinting  n ml  I  ««i  »*itn  lit  n/ 1\ r/iininoiii ,  nil linnixli  t lie  ilhi- 
Kl'lliH  illmi  cl  1 1 1  il  in  b  I  fi'H  llml  llii'Ki'  two  ini'  I'lom'ly  Intel  - 

Ini'kfil. 

The  | irlnui ry  fillli'llmi  of  I'riin/  Tinting  Ik  In  i leleiinine 
wild  tier  till'  i  '<  |  il  ||  n  nei  il  |»  i  ■(  iciii  I  ile  llinli'i  I'oiii  lit  i"ll"  of 
Hl'I'Vlri'  HU',  ll  In  l(i|!  ii»Nllllll'il  llml  III"  i|llllllly  "f  |H'I* 
fi  ini  in  i  lee  I*,  ii  »hi  ii"i|  by  Hi"  i|""ltfti,  TIi"  |ii  Inin  ry  I  nnel  Inn 
of  Annum lu i  nl  I*  to  iiii'IMO"  | lerfnriim lie"  liy  (|illilitltalh" 
l""l",  mill  III  illlfl'l  tl‘1'1  I  lie  |irurll"nl  "iTci'tlvi’im""  of  till" 

I  n'rfoilllli  in'". 

2*1.  ll  l«  |  Mill  leu  In  ily  lni|i<  nl  n  nl  llml  llic  Iwo-wny  "one 

I I  n  n  i  ien  I  ini  i.  vl«  the  \\\  A  irrini|i,  lie  ni'livcly  iiinin- 
liiliii'il  lii'lwi'i'ii  V'riiiiniif/,  .t"m  "u/in  »f,  nml  I'mnlnil. 

il,  Tin  //lyin' i'n/  Ii/iiiin/d/i'ii/iii  Orgiiniiillinii. 

Tin1  ('’low  I  'Imrl  i||i('ll««"il  iilinvc  Ink""  do  iiii'ihiiiI  "I  lli" 
el iliiinii m I  I'lllii'tlnii  our  of  1  lie  |iriii'tl"iil  lirolili'in  of  ""Kill* 
miiii'i'n,  lint  if  III"  inliiiltilnti nll\ i'  m'l*n|i  l»  In  "crv"  n»n* 
fully,  It  niiml  li"  "in  ii  llml  t lie  vui'lnii"  liili'ri'liiinu""  nml 

iiinlii  i'nri'"iil"  of  lion  i if  ili"  i liiiucn it i  cii n  |ii'""""' 1 1 hi iin | >t Iv , 
I'ixu  iiiliin  linn  of  llic  1 1 1  n  u  in  1 1 1  will  "ci'V"  In  linlli’iit"  mini" 
of  lli"  wen  kin'""""  of  lli"  |ii’i'n'iii  "ll  mil  Inn,  The  "lili'f 
ei n nn n 'i it x  ii 1 1| inn  In  he 

.1  I  I'li"  i'1'iil  i  nl  in  hi  i  'In  1 1 1  iu  AW  A  itioiiji  i  Ini"*  mil  "xi"l. 
wlllilu  llic  |ii"""iit  -li'iii'l'ii"  of  lli"  A  A  !•', 

11,2,  I'li"  Ihiiliiinnnil  finu'lloii  |«  Im ki'I.v  iiillllh'tl  h,v 
I'oiiiiiii'i'i'liil  ytn  hi  |  im  1 1 1  ii’ii  1 1 1 1 1  u  inn  ter  ei  mt  met  In  \\  rlulil 
I’li  hi;  mill  tlii'lr  link"  with  tin  nl  Iter  fiiui'lloii"  of  I  lie 
illnitimii"  wimk, 

•I, H.  Tim  ,l**"titiHiiii/fiiiii'llnii  I'miiml  h"  i  iirrli'il  mil  |iioji* 
"I'ly  iiiiIpkn  ii  I liiimi'iy  l("*"iiri'h  Mull,  (IIHC)  l»  ""tiili- 
IInIii'iI  nml  "iilliiiilv  "n|i|«/ri"il,  A  Hue  uiii'lnim  for  mn<li 
n  mill  nmv  "tiU!"  nl,  KkIIii. 

11.4.  Tim  riwmumh  imimct"  of  tlm  7'rin'm'ti(f  finu'linii  n|i* 
|HMir  In  Im  Mi'll  |iriivlili>il  for  nl  I .h rm In. 


.'I, A,  Tim  Titling  fnnrtwn  fi|ij>"itr«  hi  Im  well  |ii*o* 
vlilml  for  iif,  KkIIii, 

•Ml.  Tim  |ii'iilil"in  of  "iiHiiUiiiimw  In  ii  mu'lnim  mic,  nml 
ilni'"  tint  ii|i|mni‘  to  Im  "iiltnlily  "olvml  at  |irwii'iit,  Tint" 
"d'taln  function"  ll"l"il  nil  III"  "liiii'f  I'lini"  miller  M  iilul 
H,  ollmi"  miller  I)  ('  nml  Hi  mul  III"  liitcr-wlntlmw  nit' 
not  nlniu',  nor  ilo  (liny  nlwity»  H|i|tt«nr  In  Im  well  ilnlliiwl, 
ll.?,  Tim  A"""""iii"nl  f nm  l  li  in  "uniiiit  Im  eiti'Hei I  out  nml 
u tlllmi'i I  elTci'tlvi'ly  uni"""  liiclleitl  mul  "Imh'Kl"  entinliler* 
Hllnim  in'"  nllowi'il  In  enli’r  Till"  umiiim  nil"  ol  two 
lliliiK"  "lllier  lliu  I  liiiiimry  lh'""Mri'h  l 'nil  ol  KkIIii  uiimt 
It M"lf  Iiii  |H'riiii(t"il  In  "ill.  ni'i'O""  III"  |ii‘""nii""|yml  com* 
mu  im  I  l  iiiii'tloii".  or  Hi"""  liiinoli'i'  I'eliil  |nii"lil|i"  nnmt  Im 
ii""iiiimil  liy  "iinm  "llu'i  Ki'nii|i;  yvorkliiK  nl  it  lilKlmc 
""Ih'Ioii. 

Til"  (  'lliil  t  ll""liilll!"  lll""l'rillll|  Ilf  till'""  ttVll  "lllllllllim, 
Tlinl  I",  ll  ii""iinii'M  llml  llm  AWA  ftmiifi  wimlil  cut 
iiri'o""  I'liinuuiml  f inii't ItoiN,  mul  woiihl  ii | >t m<ii r  on  tlm 
AAI1'  oi'Kiinlr.iilliin  elm rl  nl  llm  "iinm  level  im  Miiiihkc- 
lui'iil  ('out ini.  A  "Ii in"  ll"*ii|i  li"l\V""ii  Ale  SVnrfiim 
Aimly>l-  mul  Hie  (iiinni'iy  Ui'""ni'"li  Cull  wimlil  Hum 
mmmiiii*  llml  llic  luiii'r  Innl  in'""""  in  ii"""N"my  liifiiruiu- 
I  Inn  nml  In  il""l"in|l  let  "In, 

1 ,  1/ 1 1  nffi fin  ii i/o /lefi n . 

4.1,  It  I"  lei'oiiiiiii'iuleil  llml  mi  Air  Wnrfrtre  Aimly>l" 
Section,  ii"  lull'll)'  ill  >""i'll  mi  I  nlinvi'i  h"  wl  ii|i.  Till" 
Ui i in | >  "liniihl  Im  liii'iilinl  In  WimlihiKloii,  mul  nIioiiIiI  re* 

I mii'I  ill  th"  "ii on*  li'vi'l  in  MiimiKi’ini'iit  t'oiilrol,  Murn 
ili'lulli'il  MiiKK""tlnii"  it"  to  >*t ft fT  mul  |ir<iKi'tfiti  "im  Im 
fill'll ImIio I  If  i|i'"h’i'i|. 

4.2.  It  I"  liToinnii'iiiletl  llml  tlm  cxI"||iik  |uii|<i'mil  of 
Ituiiiii'i'v  I'l'Mi’in i'li  ut  Kullii  I'lelil  Im  "X|iHliil"il,  mul 
HiKiiuliu'il  into  n  < hinui'ry  Uc«"iir"!i  Cull,  wlileli  i»  ill*- 
"ii""i'il  In  linin'  ih'tull  In  A. 

A.  t/innii  r/i  //i  n  nri  h  I  mt. 

A.  I  Fiimfoni  mu/  / Vi'i/fn in , 

Tlm  inhiniry  I'niii'tloii  nr  thi"  unit  "houhl  Im  to  curry 
nut  "in'll  urniiml  mul  nlr  l""l«  of  ni'iliil  Kuiumiy  "i|itl|i- 
umnl  mul  iliul"""  n»  will  result  In  ii'llnhl"  •|iii«ntltntlve 
iiii'ii*ni'""  of  |H'i'fnruimi"";  mul  to  curry  nut  "ill'll  iiuiiI.vm'" 
of  th"""  iH’ifuriiiiiiu'"  iin*, i  it"  will  i'""iill  In  tlm  ii»""""* 
iiii'ul  of  ihl"  | M>rfi ii'iinini'"  In  tcriii"  of  |irii"tl"iil  "lul  n>- 
"ii lt«  "Hi’li  im  hit."  on  enemy  nh'i'iiil't,  jirnliulil"  imiiilicr  of 
I'Ui'inv  |iliui""  1 1"»( in >yi‘( I .  ut", 

ll  I"  ri'i'omili!"i|  Unit,  In  i in |cr  to  "lory  out  till"  fium* 
thni,  l llll'  nui"i  Kiuliiliihi  it  iirntfimu  of  fiimlmiicntnl 
reMi'n reh  nml  ■  lercli i| nni'iit ,  Imtli  In  umilyth'iil  iimthml" 
mul  In  tlm  hi"l riinientul  ii"|i""t«  of  tlm  timthiK, 

I'li"  ihiuimry  If """tni'li  Colt,  o"i'ii|iylnK  ii"  It  iIiicn  u 
I'lm'i'  Jii"t  In  iiilvin1;'  of  |iri  ii  lnet  Ii  in ,  "Imuhl  fiii'lilnli  tlm 
i|umiflliitlvu  mul  i itijeel Ive  eviilenee  on  tlm  luml"  nf 
wlih'li  tlm  ( V  m  unit  in  I  "im  iniiku  ci  irrei't  i  Ihi'ImIiiH", 

A. 2,  Shjf  nml  Mali  ril  l, 

It  In  rlnir  Hint  niiy  i'"thuiit""  of  "tulT  nml  iimlnih'l  w  III 
Im  "iililiu't  to  fi'in|iidit  nun lltfeot  Ii  in .  Tlui  follow  Iiik  out* 
Hit",  nlthmiKh  nun  In  on  it  unit  Imnl",  i"  "iihjimt  to  tlm 
llknlilmoil  of  fi'd|imnt  "liiniK"",  Timm  nrc  |l\‘u  unit"! 

1 1 1 1 1 1  to  ry  iiihiiliiMi'iitloii,  iiIhiiuIiik  nml  miNlynln  mmtlun, 
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(lijflil  tunt  wi'tlnu,  Imncli  tiwt  kontlim,  him  I  nxiHirhiimUnl 
nt|uiuiniii  (inntunt), 
h  MilUwii  Ailminialmliiin, 

Tliu  "Uu  of  lliti  n  fit  IT  h'i|iiln>il  Imin  In  h  mttli-nry  dui'lninst, 
Tim  fiiiidtiiiii  nf  tlid  mlllltn-j-  iiiliiilnlnti'iitiiiii  in  to  pm- 
vl-.lc  hiiiiNckiM'pliin  mill  uilmliilnliHtlvd  kerviei'k  foe  Mu> 
•'Ivlllnn  nml  ollliw  M'li'iitllh'  mill  Utehiilrid  |M<rminiH'l. 
h  I'lunniny  mnl  A  mil  1)011  iSiWi'im, 

I  liln  Ki't  »it|i  sV'i  in  it  I  liu  runpiiiinlhld  fur  tlm  plmiufiiK, 
illrui'tluii  nml  mmly*l*  of  nil  thu  |m ijottm  of  the 
( liiuimry  Iti'W'Hii'li  1'iilt,  Thu  | it<tx<  1 1 1 1 11  «|  nml  i|iinllf|un- 
tlmin  rw|illii'd  mil; 

I  Direr  fur 
I  Aknoclllto 
I  Mrurtnr 


3  IT  cu  t 'uni  in  I 
Htntlnlli'lmiN 


2  Aurlnl  <  liiiini'i  v 
Mai  lii’ii  111 1  li-ln  iih 

2  lnklrmimnl 
Kiijjlni’ui's 

I  Ai'i’oilyiimiiii'iil 
KiikIiii'hi1 

I  H  in  In  1  IOiikI  ni'i'i' 

I  IVyclitiltikii'l'- 
I  'liynlnliiitlnt 
•I  1'iiijerl 

Ti'clmiriil 

lli'pii'M'iilnlivin 

'I  t  '( III  1 1 II 1 1 1'l'H 
Hi'ri'i'tiii'lun, 

Htl'ldi|ll'(l|'hdlk, 

I  'leek*,  cl  i', 
i’,  Flight  ’/'in/  Sirtitm , 

I  liln  I  in'll  1 1  Inn  1  llli'i'l  i  »i',  plliiln,  11 1 11  ‘  rii  1 1 ,  riiini'i'iiM,  mill 
Ml'l'n,  I'llnllim-,  I'l'Ilipilll'I  H,  plllllllUI’liphl'I'n,  mill  win  III 

fill'll  1 1 1('«, 

I I  //I'lir/i  Ti  *(  Si  I'fi'mi , 

Tllln  Would  I  Ill'll  dll' 

1  I  i'Xii*  I'hiulni' "  « 1 1  h  inn  hil  1*1111  iii'<<  rri>u  mul  nhini 
fni'lllt  li'K. 

2  Kx|Nii'liiii'iitiMn  tut  li'imi  . I rn I uuil  In  I’hynli'M,  nl 

l"iml  line  IihIiiimI  In  I'nvi'liuliiny,  11!  Inn  I  min  titilucd 
III  MHlHnlh'"), 


I'IxiktIi'IIch  In  fil'd  niiiiiii!  of 
Aiiimnidiil  work,  imddikimidh'K 
of  nliilmtli'iil  |iihli'l|ili>in,  nlilllly 
In  pliin  mnl  illi'ui't  I  in  on  I  pi'ii- 
Ki'iinm  of  I'lwni'i'h, 

At  li'iinl.  mu'  with  I'xpi'ili'iii'i'  in 
hll'pmliiihlllly  Murk,  nl  Ii>iih| 
mil'  with  i'X|H'rli'lia'd  In  i'\pi'il- 
iiii'iiliil  ili"«i|tn. 

At  ll'linl  Olid  W  i  1 1 1  I'Xpi'lii'lli'd  oil 
li'inl  I'lilnpiil Inu  nluhln,  nl  Initkl, 

"HI*  M'llll  dX|ld|'ll .  Ill  I  III  lli»|  Il'M, 

<  Mid  «ilh  nii'rhil  1  ill'll  I ,  I  III'  ollidi' 
with  I'li-i'l I'lciil,  hiii'kitroiiinl, 

A I  luck  1'iirvd  ilidory  in'i'mly* 
mi  1 1 1  ii'ii I  Ilniil'illiiiiH  mi  ninni'ii' 
Vdl'lililllly,  die, 


I  inli'inlumlhm  of  Hid  krldiiHlid 
Idi'hiihpidK  iikdil  In  KUtinury  10- 
ki'iii'ch,  nlilllly  lo  iliidci  poijcclM 
In  ol'tiiin  (lie  HkIiI  1  In  1 11, 


H  Cicrkw 

•I  fl  OllllllUI'H, 

ti,  li.r/ierimi'nltil  St/imtlrun  U'rrtrtl), 

Thin  milt  would  liu  diiiii'diiiml  with  prnilniltmry  tuntu 
of  niiittji'ntioim,  itniiiinry  mpdpiimut,  mn.  ttiiMimry 
hii'tli’H,  It  nhoiilil  include  wmicthlun  like; 

2  hi'iivy  liiinihdi'N  (H-17  nr  -21  mul  H-2IM, 

2  hum  Ihiiu  In  mil  id  rn  (11*2(5  nr  »2tl  mul  A-3tl), 

•1  tl  liuhlci'M  (l'-40,  .( ’-4 7 ,  I'-fil  mnl  I’-dt,  |Minnlhly  n 
I’-NOA  mul  it  "plitnyliimk  "  I'-ftN  or  I'.llll), 

Air  ci'fttn  (Thu  iih'IiiIh'Iu  of  thcuu  nil*  ci  'wx  hitvIliK 

(1)  ri'i'diit  I'liinhiit  I'xin'iii'hi'd, 

(2)  11  mIIIIiikmi'uu  mul  llkluu  for  I'xt^mi'lHK'iii,  mnl 

(II)  Idi'hiilcnl  liiii'kitroiiiiil  mnl  liulidf  In  Kiinnory  rn* 
kdlll'l'll,  I 
( lit  mnl  |  I'roM  N, 

Inli'inii'ill'ild  klmp  fni'l lit li'N. 

Aili'ipiitio  | >h<  1I1  iki'ii | ililn  in |ii Ipindiil ■ 

The  nil'll il it* i‘k  of  Hii'hii  iilri'ii'tvn  nhoiilil  lie  hIowIv  rn* 

tntdil  Ilk  ioli'i|iiiili<ly  ipmlllli'il  I M'l'xi HIIII'I  I . mil'  iichII* 

ill'll1  uftur  I'oiolnil  looik  of  duty, 

A, it,  ( 'umnit  nix, 

11  Thu  (illt  "hi  11 1  Id  In'  kIvi'ii  the  I  in  uni  riw|miik|hl||ty 
Ini'  ildvi'lophiK  mul  cmryliiit  out  11  IuinIc  pniitnuu  in 
ni'rlul  Kimnnry  runtnii'li.  Il  nnikt  lie  niton  Hio  tiulhiir- 
Itv  to  I'ln  11  mnl  develop  Ihlk  prouniiu;  mnl  iiIHuiiihIi 
tlm  unit  Mould  of  donrw  hi'  nx|M'i'tni|  to  curry  out, 
hdoildil  li'ktu,  Il  nnikt  He  |irotd('tdi|  from  the  iii'i'dwiUy 

of  iiddi'piliiKdvi'iy  dlri'i'tlvd  Ihiil  miy  . . .  think  up, 

Thl"  i"  mi  i"*kdiiilnl  | h if nt,  Whitt  Ik . .  hern  l» 

mi  i'"tidili«hiiidiit  I'miylnjj  op  n  run  I  xi'lcitlllli'  |iriittrmii, 
not  m  luidl-tirdi'i'  (or  ti'li'phoiid)  korelci'  utnlinu,  Tim 
I'uit  khoiilil  lid  ii"hIkui'i|  hroHil  piohldiii"  mnl  IIkIiIm  of 
lift  I  x  It  li'M ;  hut  hIuiiiIiI  not  lie  ri'i|iilt'dil  to  iti'i'dpt,  friiin 
uon-kdli'iilllld  koiiri'i'",  dhtu'lh'i'k  on  k|K'Hlld  juliu, 

h.  Tim  oritmiUut lou  nml  piiiKrmu  imikl  . . . 

kullli  limtly  Ili'Xlhlc  In  uii'i't  hum  . . . . him  h«  limy 

ludvitnlilv  mild, 

Thd  I  nit  "lunild  lie  mi  I  in  It  *|  H'i  11  lent  I  ten  iidli  of  tliu 
I'nnhiit  tlniiuiil  t'oiommid,  nml  uhouiil  not  liu 
kuhkldliiiy  to  kiimi'  ollidi'  llinni'h, 
d,  Thd  tillin'  iN'i'kouiidl  kliould  ri'iiuilu  with  Ililn  thill, 
lot  t'xlciiili'd  iikklmiuidiilk;  mnl  nhiiuld  iiM'idvi'  ri'i'ott* 
nil li  111  lor  H|ik  type  of  ni'I'vfdd, 
d,  Hiii'li  rtiMipi'iikuilim  mid  ktniiik  mu, it  he  nciilliildii 
tori’lvllliin  Hi'li>ntlk|k  mnl  i'iikIiii'i'Ih  it"  will  nttmi't  mill 
hold  limn  of  hi|(h  t'lililii'i,  Thin  di'lhiltdiy  ri'ipih'iin 
ktniiik  nml  prlvlk'iti'n  dipiH  nldiit  to  lluiitd  diijovdii  liv 
Ollidi 'Ik, 

f,  Tim  I  hill  iiiiinI  him'  (pri'fornlily  lluoimh  hiicIi  1111 
oi'KmiUmlon  mi  AWA)  I'lukd  Hit  Ikon  with  tlm  |m|h'y 
mid  •  IitImIi  in  Invi'lk  o|  tlm  A  A  I*’, 


I'ONFinilNTiAI, 


JUBMOGHAI’HY 

Numlmra  «ioli  na  AMP*M«,1-Mft  liutlmi.'  I  Inn  Ihe  iloemiwnf  IIMwl  line  limn  mlwnfllntwl  mid Hint  If*  Him 
In  tint  mtiwftlm  Index  prlnletl  In  it  impnrmu  Volume,  Por  mpwkh  m  (lw  Imlex  volume  mot  Hi  dm  mierufllm,  «hi»hII 
tliw  Army  or  N/ivy  iiatmey  lluteil  nit  I  In*  reverae  nf  dm  loilf-Mln  puise, 

Niimmnry 

I,  "Heipimil  lal  Ti'Hln  of  Hint  1*1  Iwtl  lly|iof horn n,"  Alimlimn  Welti,  Thr  Annul*  n f  Mnlln-mnUfnl  Shilmln %  Vnl,  XVI, 

No,  a,  ilinm  ll)4A,  pp,  117  I  ml.  ....  ,,,  , ,  ,  .  , 

a  Nfinn-nliiil  A  mil  yin  <\t  Hlnlinlinil  Ihln:  A/./r/ien/ini  m,  II.  A.  turn  mol  Alinilmm  Wiil.1,  f"i  ■ AMI  , 

CnlnnilOii  UiilvnwII'Y  IW,  UovNmI  llepurl  III), alt  [OKMxNHH],  SIMM',  Sept,  IA,  HM/I.  AMI  -dl,l*M4 

I' A  II  I  I 

<:iui|iicrH  i  ii 

In  referem'i*  At  tlirimali  III)  Hh>  ,Si,„IV . niter  l«  (In-  AMI’  Hlti.lv  mol  Him  Fn/iir  number  l«  . . . 

(orV  I 'riper  mimin'.'.  .  „ .  .....  «...  rs*. 


AMI‘  HKI'OHTH,  Slh'MOHASnA,  A  SI)  S’OTKS 

AMP  Study  44i  Tralnlni  In  Aerial  Free  Gunnery 

I  Mnllnimilirnt  A'i'ii/ini/nni  nf  Sii/lilinti  Altllnnln  I  *<>1  1,1 

Aiinwli'mi  Fnr  (liiinni//  Trniuinn,  C'liiiri'ltlll  I'Am'iiImiii, 
OKMnr-IKff,  Mi'immimlom  41. IM,  AMH-C,  He|i- 

ii'iitU'i  iih.'i  amp-mm  i  Mr. 

AMP  Study  5#i  Lead  Computlni  Hl|hta 
a.  /Ill  hilniilminin  In  III r  Annlillnnl  I't/mi/ilm  nf  l.nul 
I ’iwi/iiiIiiiiI  tSifililn,  Mimii.li'i*  Mi.rl.MiM*,  t  tHIC  I  •  tiU?, 
MKM»r-ltXl7,  Mem, omnium  AA.IM,  \Mtl-(\  April 

lull  AMP-Mlllll  Mai 

an,  llihl.,  |i  It, 

AMP  Study  AT )  Lead  Computlni  Hl|hte  Suae 
Attache 

it,  Krruni  Mini <  /i//  o  I A  ml  iVoo/w/iOf/  Siylil  II  Inn  flit  Til  fill  I 
Fnllmm  n  /’nr.iii/  Cnnrni  ,  Wither  Li'laluiOi,  t  IHII  1 1  •DHI'J, 

(H  Mm-HHIT,  ll.'i'ori  A7.III,  A  MIN',  I . emlon  *«!•**• 

\  M  I'-AMIt  ll  S|H 

4,  .1  , Slnili/  nf  lln  titfiil  nf  Ihliilin  M Hi'f  •»*!«/  (lunul//  I  /mu 
n  I'uliliii  All  llnllit  ill  Hililliini  In  lln  Ilrtnii’mi  "/'I  /.*»**/• 

(  inn /inti n/i  ,Xi(//t/,  Wnlli'l'  d'lpllloli,  (HIIH  MWI, 

H|;Mm  IINI7,  llft».M  .17  all,  \Mt M Mint'll  It'll 

\  M  p-Aiiii  li  M  i  A 

A,  (III  A'liiii*  Minh  hull  l,iilil-l'iiiiil‘iilin\l  Sillhl  ii’ilh  'S/mitll 
llifmmi  In  II  i  ml  A  In  Atlilikn,  Wnlli'l  I.i1kIiIiio,  '<1  Mm 
IIMI7,  Mi'lioiliiiolillll  AT . i  M ,  SMlt-C,  ItrlnU'l  IHIII 

SMC  ,-.( Ct  tlM.'i 

II  ,1  Snh  till  l.illnill  mill  l  i  ilnill  lli  llit  Innmfm  "  '  ''i/i/ii  i  in 
1‘iniiilih  hi  I'luiii  •lihl,liliii  hnii  Wnlli'l  I  .t'lyliliiii, 

< < I  N t m- 1 1 H 17 ,  Mi'oo.riiioloiii  A7  a,M,  VMM  '  ,  I'dmoin 
HIH  \MP  AU'I.H  Ma 

7  All'll  mill  III  In  I  Ml'  If'  I""  I  At  Ilf  An  in*  Minli  hu  n 
I, I  I\il  I ’ll  III /III  1 1 II II  Sit/hl  min  II  lln  Tnniil  h'lilhiWf  n  I'tinmil 

I'mi;  Wnlli'l'  U'l«lll'ili,  (HIIK  .Wt,  *  1 1 1 M -I  II M 17, 
Mfini.r, ill, Into  A7.!tM,  VMM  (',  Mur, I'  I, Ml 

XMP'AtKI.ILM  lit 

H  l,iimiiil  I’mimtu,  Wnlli'l  1 ,1’ltlliliili,  ( l|M*l  •  IIHI7.  Mi'll, n- 
,'i„„lni„  07  IM,  UUI-t’,  Mini'll  ItHt,  o  I 

V M I'-AICt  7-MI 

On  lltnh,  1 1 .  III. 

Nli,  //in/,,  p  IA 

(I  Snliilimi  nfllti  Ihjhriiilinl  Wi/,„i/inii  n  Ulh  'll I  Id  « )*l 
*  ,/m  ill,  Wnlli'l  ln'l«lilnii,  Hl'iMer- 11X17,  Mi'tioiriioilmit 
07  AM,  AMII-C,  Mur  an,  IHI  I  AM  P-AIM  II  M  III 

III,  h'mhlvr  Alim  hi  ill  I, inf  Wrt/i »  nf  I  Vi iHilff,  //t'l'liMiiil  nf  A  Ml' 
Miniwnmlniii  AM/ A/,  Wolior  l.'l«lilim  mul  Clmrlo* 
Mi'IihIh,  til; Mm  III7H,  Mi'miirtoolmo  A7.7M,  AMII-N, 
Oiilnlior  1114  A  AMP-MII.4-MIII 


AMP  Study  Afi  Study  of  Fu*e  Dead- Time  Corree- 
tlont  in  AA  Director 

Tin  Tmlhlhm  nf  hull-  Sill  I  mi,  t  ,1  Miirroy  mol  Arilmr 
Hft«i|,  •  Hll  I)  4IIA7,  t  )i;M*r*  11X17,  lli*|n,ri  HA  III,  AMtl-f, 
Aiikh-<  IHII  AMI’*7tW  Mil 

Tin  iSimiiilhinu  Sffiihlfn  h’nilnll-l  /i  , Millin',  Alt  lull'  Hill'll, 
Ol  Mm- MX >7,  Mi'ionimoluiii  HAIM,  AMH-t',  Oi'IhIhu' 
,(Ha.  AMI'-7(M-Mia 

AMP  Study  lOSi  AAF  Tralnlni  Proiram 
, Vtuii,  /  «,'*  nf  Tiinilhh  S/nril  Mn  tiiiniinini  in  Fur  I'milrnl, 
Mnuioi*  It  lli'*ii'oi'M,  HI ;Mh,-  11X17,  Mi'iioiioiiilmo 
liill  |M,  A  Ml  l-l Apr  It,  IHII  AMP-MIS  l-M.'t 

AMP  Study  104 1  Anelytlcel  Aeeeeeinent  of  Certain 
Lead  Computlni  Sljhta 

.■Id  I,|,|////II'  St  mill  nf  lln  Tirfiiiiinimr  nf  Airlmnn  linn- 
„„/,/,.,  I  ),mi,i lil  l>,  I, iua,  MHItl)  AI1IH,  (lt'M»r  41X17, 
H|,|M|I  lilt  III,  \Ml  l-l ,loiO'  I  HI  A  AMP-Atia  I  Max 
I  In  /in,/  ,  |,  III 

lit  III  r/nili  /''ill,  II  ll/ll*  fill1  lii/inii'i  Fni  t'lintiiil,  MliKima  II 

Hfii'iii",  i iHii 1 1  nani,  ni;M-i  hhi7,  Hipnri  nn.au, 

VMU-I  .iMtiU-t  DMA.  AMP-MCI  li  MN 

I  An.  //in/  ,  I  'Imp.  11 
(Alt  //nil  ,  I  'Imp  III. 

IAi',  //.,</  ,  •  ’Imp.  W 
I  Ail  //'(  /,(  Imp  \ 

IAi  //,n/,ji  HI 
lAf  I  Iml  ,  p  (HI 

I  An  till  I  ,  |l|l.  I  II  d  I'l  , 

Tin  V'/niiii,  nf  mi  /','/i  i  linnuiitiiilii  nil  ii  I'nnli  illnl  Until, i‘ii 
,/ hi n/ 1 fi/i nm ii/n ,  I  iiiniilil  P  I .ina,  l 'HI 1 1 1  Haas,  i  II , M*i • 

liar/,  l ti'.Mii i  nil  ill),  V M » l-(  ’,  ( ifiiilH'i  IHIA, 

\MP-Atia.l  Mill 

| ,  i  ml  l/ii mini/  mnl  (///m  Sii/lih,  I  Mnnmil  fur  Uminim, 

I  i„i  „,|,  I  |>  I, ma,  i  IHII  1 1  lias  I,  ill  Mm  -UX17,  lli'p'"» 
mi  iii,  \M(i-i *, (ii'ini«'t  iiha  AMi’-Aita.ia-Maa 

Tin  ll/iln  nl  S/ihIi  iii  nf  lln  Slmk  IS  (  A  IA  i  f/|/m  lln imii/lil , 
unlit  nn  \ /i/tt  inlt.r  iif  lln  Tnii'in/t  nf  Ifnt/n  I  It  in  u //It  It  I  Itlt'k 
In  tut  iii  ,S ,/*l,  in  nf  l,i  uni  it,  1  ,  I 'linrli'*  I  lilll'lllOMOl, 

4  IHII  1 1  ll'JNlt,  0!.M*i-l(Xt7,  Kcpiirl  III!  All,  IMH-I'i 

I  lei .  DMA.  A  Ml'- MIU  lil-M'JH 

,S im/ili  Fm  in  "hm  In  Fil  lln  I  iiltnn  I  iilmlnlnl  in  It"  huin // 
Tntthn  |‘'Tn,,in  , I / ’-A/-I ,  (Imirai'  I'liiinloo,  UKM*r-llHl7, 
Mi'ini'iiiinliiin  1(4 1 . 1 M ,  NMtl-t',  Apr.  II,  1 44-14 ,  |,  a 

AMI’-MIH  l-M'J 

llnllmln  Fmimilnn,  Vli-o  I  H  I li-i'i'ii,  Mi'ionrmnlmo 
liuaM,  Mi*, mu'll  Hlvl*lo,i,  I  H  Army,  Army  Air 
I'Viri'i'H  liiniriii'iiir-1  Hi'liuul,  piilillHlu'd  l,v  \MP,  Nllllt  , 
.luiii'  Hill,  p,  It,  AMP  Mill  l-Mit 

aim  Ihiik,  p,  a, 

Him  h’rrnin  „f  /In-  A  (mu/  A'-/  /  >S/|//i/*,  Irvlott  Kiiplmmliy 


roNKIDKNTIAIi 


22H 


ill  II  MO<;  It  A  I'll  V 


mul  Mm>  Meliter,  - 11X17,  Mmiiomtuiiiiii  IlM.flM, 

AMO-O,  Mn,v  IIMA.  AMP-AIIS  I  I -MIS 

3ln.  Ihitl.,  p  «l  of  Hiimiuiiry. 

311*  Ihiil,,  A|i|N<mllit  V, 

33:  Tin’  Comliimh'tm  of  n  Kmuhnn  mill  it  Synlemnlir  Kreur, 
Ai!!mii'  Hiii'il,  OKMnr«lfl07|  Meiimi'iiiHlimi  104.4 M , 
AMG-C,  H«>|ij|iinlK>r  I  IMA,  AMP-A03  Hl-Mll 

38.  A  Tm/imnl  Vr, tm-linit  Sfylil  fur  Airlmrne  fire  I’nnlnit, 
MhKimih  H,  llr.leur.,  OHIII)  HU74,  OKM>r<l(NI7, 
Mi'imiiim idIuiii  I (l|  AM,  AMII-C,  OeinUir  DMA, 

AMP-A03.I-MHH 

AMP  Study  1M<  Aerodynamic  Purault  Curve 

31,  Aermtymnuie  Turn, til  Ciimn  fin ■  Ihvilieml  Allude, 
(Ii-iii'ui.  II.  llu|iil|i|iMnii,  mol  \\  1‘i'iiifcr,  OHIII)  -loll), 
OI-:M»r. KHMI,  ll.  jm.i  loll  IK,  \MGII,  AmK  7,  Mill, 
A|i|hhhIU  A.  AMP-fMKI  7  Mil 

3A,  Aeiuilynuiiiir  l,in,t  Turn  nil  I'nm  e  fm  I  hr <■  in  n, I  Allude, 
Uikii'Ki.  II.  Iltini||i|iiiiiii,  OHIII)  lUlN.'l,  OKM.r-IIHId,  |(i>. 
I*"i'l  KXI  3II,  \M( l-ll,  OH,  ill,  IIH.V  AMI'., VIM  7-MIA 

3(1  Tin  lirmli/Hiniiir  Tmeuil  Cum,,  M  M  |iny  mol  W 
I’rtiKi'f,  OKM-r-KXIII,  Meiitiirmiiluoi  IihIIM,  AMU-11, 
13,  I  (Ml  VM  I'-.AO.'I  7-M  I 

AMP  Study  107 1  Determination  of  th»  Orientation  of 
an  Airplane 

37,  The  Sin niiirii ill, ir  S/iln-rimeler,  I,.  ('Iiurle.  I liilolilo.oit 
iMMl.ltrlm  II  I, im In, lli:M»|.|(Xi7,  Moiimi'Hiiilniii  mr  IM, 
AMII-O,  .Imuimy  I  IMA.  \MP-ADHMH 

3N  Tnriii'liim  fm  Hull,  I'll, ’ll  mill  Tinr  with  It, ,  S/iherimilii’, 

I,  I  'Inn Ion  I IhIi'Miimmm  mill  .1, ili ii  ||  |, (.win.  (I|;,M«i-|(HI7, 
M  f  Hit  mu  iw  Ii  *  in  1117 ,3M,  AMG-C,  Miiinii'.y  IIMA 

AMI'-AIW-MI 

AMP  Study  110 1  Uae  of  Vector  Sl«hta  In  Plane-to- 
Plana  Cnmhei 

3(1,  ll’fiii/  I'll'  f'rnl  nf  Ihi'ii  , Siuril  I  h  Ill’ll  inn  '  I  IimIhv  A  lli'.i 
•"'*'1.  OHIII)  inn,  (ii;M«r-lixi7,  lii'imn  lin.lli, 
AMlI-C,  Niivi'iiiU'i'  IIHI,  fi  mi,  AMI'-Allil  II-M;| 

31  In.  II, i, I  ,  Hi'i’,  7 
Ullli,  lluil.,  Him'.  Ill 

III)  II  fill  in  inn  Mrlliniln  uf  I  emy  I'muiniimlmy  Si, ih  In,  Hull 
ftelltiaky,  II|;M-i-I(X)7,  llr,i,i.t  I  III, 311,  AMOC, 

( >|||.|U<|‘  III  I  A,  |  i|  i  II3-IIK,  \  M  |'An3  13  Mill 

Itllii  /In,/.,  |i  41 

81.  .1  mil, ft'  t'n  n  Uhl, (,II  uf  Un'n  Si, nil  Ihlleeliun,  I  lull 

Ki'lliiMkv  mill  M  ,1  I, owl.,  nCM.i  |im)7,  . . . 

I  ID.  I M,  AMI  l-l  ’,  .liiiiiiiii  v  HHA,  |i  I  I  VMI’-AHHHMl 
Hlii  Ihiil,,  |i|i,  Ill-Ill, 
lllli.  Ihiil,,  |i|i,  N  III 
Hie,  Ihnl  ,  |i  A 

H3  / 'unit inn  finny  linlre  fur  tin  A. /it,  | lull  Xellu.ky, 

I  )|';M*I'-|IK)7,  Mi'Iiiiiiiiih Iiiiii  llli.UM,  AMli-C,  Mmrb 

AMI'-AIIH  I-M7 

AMP  Study  ISO i  Collaboration  with  Radiation 
Laboratory  nu  Aerial  Gunnery  Prnlilema 

HH  Hull  hit,  r,il,l„,i(i,  ,„  t  Hitihir  Him,,,’  A  ule  hi  An  hum, 
I'linimn  fire,  II  jvi ,  I'lirnll  mill  llonrHo  VV  Monkey, 
"HUD  H3NH,  I > l*',M«r- KMI7,  I|o|iiiii  IHII  III,  AMG-C, 
""'"I*"'  HHA  AMP-AtKt  I  Mill 

AMP  Study  149 1  Analytical  Aaaletanoe  to  Project  14, 
Northweatern  Uni  vanity  (Section  7,9 1 

III  Cmtimi  Kviiliiiillim  nf  Hiniilm  llmt  Si„l,le,  A,  A,  Alien, 


OHIII)  AH  I,  OKM«ii'-IH7(l,  (fojmrt  MS,  I  It,  AMG-N, 
'•'il.v  IIMA,  AMP.A03.M-MII 

AMP  Study  141 1  Ganaral  Electric  Eire  Control 
HA,  (/enernl  Trinci/ilee  nf  lln,  (leneml  fleeleie  TFT  (’mnpuler: 
Ahnh'ln  /('ll  if  I  ninl  HCttltH,  Mii«iiiim  It,  lliwlonnc, 
"miiol  (!,  Ie*wle,  ninl  K,  ,|  Murwy,  OMHI)  AIIII3, 
I)I!M*v-I(HI7,  Moiiiii  HH, IM,  AMG-C,  Ho|ilomlinr  IIMA, 

AM  P./MW, A-M 14 

11(1  ( lyrmenpee  nf  the  (leneml  fleeleie  CfC  Cnui, inter  In  tin* 
li-Hi  A  ir (iln nr,  Mouiin.  It  I  le.lonoe,  Dmilel  G,  Howl*, 
noil  I'',  ,1.  Mumiy,  OMItl)  Adilil,  OKMni-IIH)?,  Menm 
H8.3M,  AMU-C\  Ho|iloinlmr  IIMA,  AMP-A0!I,A-MI3 
117.  The  A  me  Tnninrlrr  mill  the  Pntrntiunirler  Heenhrr  in  lln, 
liineinl  Ftrrtrir  H .3/1  Timiintli’i’,  Miikhun  It,  I le.lene., 
IbiKlol  I, owl.,  mul  l\  ,1.  Murrny,  OHIII)  A/MI4, 

I H:M»i-I(KI7,  Mount  MH.HM,  AMG-C,  Ho|iIoiiiIhu  IIMA, 

AMP-AllH.AMlH 

AMP  Study  141 1  Optimum  Gun  Dlaperalon  for  the 
Mark  IS 

HN  lliilninnii  Ihn/iri niuii  with  (In-  Mink  3,/  Fiylthn  (Inuniyhl, 
Wiillnoo  Given.,  G|:M»|.|H7(I,  lle|i„n  |  (A  III,  AMII-N, 
H',|"*m*l*i’*'  MMA  AMP.A03  IH  M3I 

AMP  Study  IBS i  Computation  of  Aerodynamic 
Purr, lit  Couraea 

HI*  Ki,  uni  inn  n  fur  ,1  iiiiiIi/iuihiii  Iwinl  Tumult  Tmimm.  I, etui 
\V.  (Ulimi,  GHI(I)  AI3H,  Oi;M.i'-l(XI7,  |fe|ini'l  I  AM,  I  It, 
AMI  M  July  IIMA,  \|i|iciiiIIk  1 1  AMi’-AII.'l  7-M  13 
HHii  Ihnl  ,  Her  7, 

Hllli,  //in/,,  \  1 1|  n'I  it  I  ■  x  I 
HHl1  I  liul  ,  \  |  >|  iei  i<  1 1  x  1 1 

til,  Ati'inli/ininiii’  I, riiil  Tinnin!  I'nnmin,  H'nll  \V .  ( 'nlieli, 
HHItl)  AHN3,  (ir,M.i-|lHI7,  lti'|ini'i  I  AH, 311,  AMG-C, 
lul.v  HMA  AMI’-AIIH  7-MI  I 

AMP  Study  ISSt  Calibration  of  the  Mark  >1 
II  Inn  r  nf  Fliylil  Sill  my  nf  ii  I, mil  I  'inn/mlniy  Slylil,  IivIiik 
Kii|i|iin«ky,  Gl'iMer.llMlT,  Melon  IAA  I M ,  \MG  I ’, 
Mmeli  IIMA,  |/  I  \MP-AttH.l|..MHS 

I  In  Ihnl  ,  Her  A 

AMP  Study  197 1  Tn|ilca  In  Aerial  Gunnary 

13  (IJfml  (/min,  F\,/I,(n  A I  link  Ayilhml  Hun, hem,  Wnllrr 
l  elulilmi  mul  I  'Ini i  le.  Mi'IhiIm,  IIHI(I)  H3IU,  o|  ,M»|  . 
IH7II,  H e | o 1 1 1  IA7III,  S M 1 4  N,  (leluliei  IIIIA, 

AMP  AIM  J-MI7 

•18,  Sill, /ill  Kuhn  fur  Sii/i/inrl  fur  iei(/i  u  Tillin’  Slylil,  l.iml 
mul  l/ilulnl  ,| Ihu’kn,  I  'loirle.  Nloluile,  (lliMer.|H7H, 
Meinn  IA7  IM,  AMG-.V,  Mh,v  IIMA  AMI’-AIIH  4  MS 
■t  l,  (hi  A/i/mmil  S/niil  h'lihly,  4 'luiHl'e  Ml'lmle,  IIDM.r- 
IH7H,  Melon  IA7  3M,  AM(I  N,  He|ili'liiliei'  ||l|A  (llio 
kilo  ilnlo  of  ilil.  | in | H'f  I.  im'i'iii 1 1 1 1  ml  fur  liy  roeco I  Hoi'vleo 
leliiio  in  Hie  lilen  I,  aMI'-AHII.  I-MI  I 

Mtuiih .  nf  llw  Mutiny  uf  ,1  ninl  Ai'U‘!fS'nt’y  S’DHT 
.1  ntiinui  Tiir  Tii ii( i nl  Tim, millei'  fur  June  hi,  /(/(A, 
Hiiiiiulere  Mud .mie,  July  is,  IIMA, 

AMP  Study  160 1  Aaacaament  of  El|htar  Sl|hta 
IA,  I  'n in, 'in  ,1  mimilu  nt  if  h'lyhlr,’  /’/mo,  Uunniyhln,  II  |„ 

<  in  in  i  ie,  i  in  n ,  oHiti  i  iiii  hi,  (ii;m.i-ii7h,  Uo|mn  hhi  hi, 
AMU  N,  Goliiliei’ IIMA,  AMP-AO'i.lJ-MlJ 

AMP  Study  IMi  Study  of  Data  Accumulated  In 
»l|ht  Evaluation  Teete 

Jll,  Ifmnllii  nf  ii  Kiruni/iiilnliun  uf  Si, ,1,1  Kmluullnn  'Vent  thin, 


CONTI  DKN'I'I  A!, 
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Wnilnee  fllvfim,  OHMnr-Wd,  Minim  liKl.lM,  AMd-N, 
He|ili*mliei'  IIMA.  AMIMtlti,  141-Mlll 

47,  Afrtmnir  Trnrkiny  nml  Hmiyiuy  Knur*,  Ai'llnif  Hunt, 
OKMiir*tW)7,  Mimm  l(lfl.3M,  AMd-C,  Oeh.ltm*  HMA, 

AMP-A03,3-M37 

AMP  Study  liT:  Prungibl*  ltullata 

4N  KmmjiMr  Hnl bln  nml  4 -mil  (Innnrry,  duality  A  llw|. 
Inixl,  OK  Mur  1007,  Meimntmtlimi  1(17,  IM,  AMd-C, 
.Inlv  IIMA,  AMP-AOl.Aa  MA 

AMP  Btudy  till  Harmonlutlon  Studlaa  for  tha  B-ll 

4(1,  llnrmuuiiiiliini  Sliulirt  fur  I  hr  II -ill  Airiilnnr,  Sriilnnlur 
li>4- (  in  April  infA,  I  *1  ill  1 1  f  . . .  I)  A343,  OKMei*. 

Hervlee  i*i«>J:«M  A('.|ia,  I4«*|m u-i  INK  III,  AMtl-P, 

Ai»''H  'ima  AMP-Aoa.a  mi:i 

AMP  Btudy  IMi  Operational  Problama  of  H-BO  Fire 
Control 

A(l,  O  ini  mum  lh*iirr*im,  fur  \’n»r  Turn  I*  uf  „  It  ill,  Aillmi 
Himl  nml  ll  I,,  Hiviiin,  < IKMki.|iK(7,  \1  <>im n'n i n|i i m 
INM  IM,  \Mll-C,  Oiniilmr  IIMA,  AM  I'-AOI  81  M  IA 

AMP  Study  lOli  Camara  Aaaaaamant  of  Airplane 
Skid 

Al,  Mnimirnnrnl  nf  I  uylt  n/  .Uliirl/  nml  Shut  hi  llorlrl  Kirr 
1‘mhlnii*,  II  I  ( in  in  I  ti-i  I  Inn ,  ( >p»||  | )  ll'ili:!,  OKM-i-WU, 
Hi*  I  m  ici  I  ll  I  III,  \M(|  I  )■■(  <  il  ii<  r  ||i.|,v 

\MP-A03  ll-MI.'l 


MISi  KI.I.AXh'nl  S  A  Ml’  HKI'lM/TS 

na,  A’ii/i  »  mi  1‘mumrlri*  uf  I'liiliilhitilii  I  IihIiiI,,, Inmr,  IIHIIII 
4IHA,  AMI'  Null*  li'l,  n Itli  l In*  nn«l>>iiiiii'i.  uf  ( 'iiliiiiiliiii 
•  'nl vi'mil y  nml  I'l'liti'i'iiiit  I ’iiIvi'I'nIi y,  .limi.  Kill, 

AMP-II-M3 

AH.  Trnrkiuy  nml  //.••  birr  Cmilnil  l,r,ililriti,  l|„-.|m 
VVlilllicv,  UHIIII  Al  INI  I,  UliM.i  IHII7,  AMI’  Null*  31, 
A  MIM  \  Ht*|ili*ml»*i'  I  (i  I  A,  AMP-70, '1. 4-M  |j 

Al  I  Milmiiil  fin  /lie  f  m  nf  Unmniniw  I'ltilrl*,  \  \  \||i|.||, 

in  Mi* i- in 7ii,  ami'  Vim*  an,  \mii-s,  . . . -I  mi,v 

\MP-Ali3  I  Mi  l 

AA,  Srnllrr  Htiniliiny  nf  u  I 'irrulnr  Tntyrl,  II  II  . . I  mu; 

Ci'dl  IlmniiiH".  *li  .  HHIlli  |A73,  ii|M«i-n|n  mu) 
(II, M«i  11X17,  lli'imii  mail,  Ulil-C,  M,„!  !||M i  i 1 
Mnv  lull.  NMI'kiii  |  M3 


\I‘I'I,IKI>  MATIIKMATIt  'S  1‘AXKI, 

I’liX'I'H  I  r ’ll  Ills'  I’ A  runs 

Appllad  Malhamatlca  Clump  Columbia  lAMO-Ci 
All,  I  Blnr.v  nf  I ',  llluniiliml,  (I,  A  I  IimIIiiimI  iiimI  II  M  Tin  nil, 
"lilllli’il,  I'hr  II ■■illiHlim  nf  Artnil  lliinin  *•//,  I |/«,, 
ilnli  I'ninny  l/innml  Auyn*l  Al  mill  III,  f»|  i,  I  IK, Mar* 
l(Ki7,  Hi  in  I  v  ini,  I ’« |  u.  i1  3AM  ( Hi*  vi^i'il ),  AMO-i Hr|ii 
"*  "N4  AM  I'-Ana-MH 

A7  A  limit  lilt  .1  iii/Ii  a  nf  Allnrk  nf  Kuriliy  hi, /It '  l'  I  linn//, 
( ’liiiii'lilll  KUi'iiliiiil,  *  li'.Mni-  IIKI7,  Himlv  1 1,  l*M|»>r  313, 
\M(l-< .him*  ail,  Kil  l  AM  P-A03.N-M3 

AN  Kr/irnnuulnl  Dill, I  fur  I  rrlniii  ,V< ini'  Allnrk*  mi  /l/'t'a, 
K  lli'wlU,(li;Mi.i'.|»Hl7,  Nluil.v  INN,  l'.i|.i*r  47A,  AMtl-C, 
^dg  "HA.  AMI' Adi  I  MIA 

Dll  Ktiwiiuinilnl  I 'rriflrnlinn  nf  (//i/mniiii  I'nrrnjnyr*  nf 
I'll 'ii  S  pml  Aim/,  A n Inti  Hniil  nml  I  Ian  Holliiaky, 


<)KM*M(KI7,  Hi mly  III),  p»|N>r  4311,  AMO-C,  .lurni  II, 
"WA,  AMP-AD3  *1  M!i 

IMI,  An  Km  pi rirnl  S’rriflmtiim  nf  Kmiliim  Kirin  y,  IlnrlwH 
Hnliniiiiii  mul  Clumililll  Klwmlmci,  OKMst*  1007,  Himlv 
44,  I'ii)n*i*  333,  AM(l-<  Dim.  IM,  III44,  AMP-AtHM-MU 
III,  1'umlinu  Kiri  an  Drjfnlirnt  n  Cinniiiiiinilinii  Ir,  Arbitrary 
Anulm  Off,  lli'ilH'rl  Hiilimnm  nml  (  4miI'i*IiI||  Klimiilmi'l, 
OKMhMO(I7,  Hi  mly  44,  Paimr  333,  AMU-C,  Due,  II, 
"144,  AMI»-A(I3,4-MA 

*13,  ,4  ,V nlr  an  llrriilriiliilril  I' 'mil inn  Kiriny  IIiiIm  fur  ll, ?  A  -ill!, 
Dim  Aellimky,  (IKMnr  IH07,  Nlntly  I  III,  Pafier  440, 
AM(I-C,  ,1mm  3(1,  IIMA.  AMI'-A0,'I,4.MIII 

113,  I'nrilinn  Kiriny  //(,/,*  fur  \' nr  Inn*  Ailllmlr *  liml  S/trnl*, 
Hniimel  Klleiil«*rg,  dKMmvIlId?,  Hlmly  till,  Pm|h*c  433. 
AMll-t Mny  33,  IIMA,  AMI'-AOII  I  .in 

III,  Cnmiiriimilinu  Siyhl *,  Dull  Kellnaky,  OKMar*  11X17,  Himlv 
lid,  ('liii|ili*c  l\,  Pn|M*r  (Mil,  AMll-(',  Hc|ii  21),  Inin. 

AMI'-Aoa,  i-Mna 

•IA,  Ihll  lua  III"  I  n  a1*,  Kiylilrr  Allnrk  Ayiiiu*l  llnmliri*,  A 
Urm  rifilnni  nf  lli?  I'utniintty  Krnnl  Allnrk,  Himmlel'n 
MneDme,  I  lKM»r-|IKI7,  I'ii|m*i'  3113,  AM(I*C,  .Inn,  3n, 
"MA,  AMP-AIH.4MIW 

(III,  Mnliiliiilillinn  nf  Din,  .N'/im/  Slylil*  irhrli  I  *nl  nil  n  Sn*r 
Itiiii  fin  S  n  p  inn  I  Kirr  Aynin*t  Krmilnl  I'nntllrl  Allnrk*, 
diHinv  l  lli’illnml,  Hlmly  lid,  l'ii|«*r  31 N,  AMtl-C, 
Auk  3A,  Kill 

117,  Tin-  Sfuiry  K-Siyhl*.  I,,  Clinrli'H  llnleliliiaini,  (IIMf*i- 

10(17,  Himlv  lill,  rn|M*i-  UOd,  \M(I-C,  . . .  Kil  l 

AM  I'- Ad3  1 1  -M3 

IIN,  I'nlilinilnni  nf  Tnnrnf  Kliyhl,  I  lininlirr  Siyhl  (ai||M<i'Mt<i|ei| 
I'.v  Mi'iminiiulmii  IA.VIM),  living  Kn|ilmi«k,v,  Hlmly 
HU,  I *n | mm*  3(ll,  AM(l-( ',  (lei,  ill),  Kill 

AMI‘-AII3.(I-M3N 

Kll  Shinny  Syrlrni*  fur  Uyrn  Siyhl*,  Hnmnlma  Mill'l uilic, 
II|;M«I-I(MI7,  Hlmly  III,  I'liiKT  IA.  \M(I*C,  Hepl  ll, 
"M3  AMP  Allll.d-M  t 

7(1.  ,|  iiiiilifinilnni  nf  Triirkiny  Xni*r  in  Ihr  Hnnriyhl  Mark  IS, 
Dmnilil  P  I, big,  ill  M-MIKI7,  Hlmly  ID  I,  Pn|n*i*  373, 
'MD-I  '*  l'"l'  31,  IIMA  \MP-A0!I.3-M33 

71,  Slurry  Siylili,  A A  I,  nml  A  //,  I,  (  limlna  lliili'lilu- 

* . .  M«c  IIMI7.  Himlv  Idl,  Pm|h*i' 3311,  \M(I-C,  -Inly 

3ll,  (nil  (I'niilnlliH  ii  llai  nr  | ii- it Ini'ii!  H|M>ri,V  ilneimii'iilal, 

AMP  AII3, 1 1  MA 

73.  \>  mil  lliinin  if/  nml  Ilyin  Siyltl*  ,1  Mil  mini  far  limwrr*, 
Dmii.l.l  P  I, lug,  IIHIIII  II3NI,  ()|;Mai.|dd7,  Hlmly 
Idl,  Pn|M'i  -IH'I,  AM(!-< ( Ii'IiiIh.i  IIMA. 

\MP-A(I3  I3-M33 

73.  'I'lir  Hull 1  Siyhl  A'-/, I  (Mink  IS),  I  llnurnl  //.acinamu, 
Dmiiilil  P  I, lug,  (IICMac  11X17,  Hlmly  Idl,  Ph|h*i'  AIXI, 
\MI  I  -( .Dm,  ill,  IIMA,  \MP-Ad3  13  M3 1 

71  ’I'lir  )>iil util  Syuirui  nf  ihr  A'-./  nml  A  |  Siyhl*,  I,  CIimiIiw 
I Int elilnnmi ,  (li;Ma|.|lXI7,  Hlmly  Idl,  AMD-C,  .Inly 
in,  mu  VMP-Aiia  1 1 -M  i 

7A  Till  Tinrtny  uf  liny*  Thrtitiyh  u  Thirk  l„n a  in'  l.ru* 
S//*lnn,  A /ifilli'nlliin  In  Ihr  Murk  IS,  (aii|N>iaiii|ei|  liy 
AMP  lli'piii'l  11)1  All),  I,,  Clinilea  IliKnlilnami,  Ol'iMar* 
11X17,  Hlmly  IIM,  Pm|n<i*  HIM,  AM(I-C,  .Inn,  III,  IIMA 

AMIMHKI.Mll 

7U,  .1  ,4/ 1 llnnt  in  ('ininrrlinii  with  Ihr  A/nik  IS  Siyhl,  Dmnilil 
I',  l.lng,  OKMai'.|iXl7,  Hlmly  IIM,  Pii|mi*  SKN(,  AM4 l-t 
-lime  37,  lul  l,  AMP./HXU-MII 


('ONl'IDKNTIAt 
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77,  Salaliaa  if  llir  Ki/iialiiain  fm  tin  Hilnwiiir  nf  tin  Mark  IS 
UmiMt/ihl  when  Truitt  inn  ""  Arbitrary  Sync e  (’mine, 
Dinmiil  1',  IJi%  Himl.y  |(N,  l*o|H>r  SIHH, 

AM(I-C,  .Inly  2S,  1044,  AMP-A0K.2-M  1 1 

7N,  thjlniinn  Tarmt'hts  far  Him  Siyliln  if  I  In'  Mark  IS  Ty/ir, 
I >M»mht  P,  IJiik,  OlCMvtr* IINI7,  Hlmlv  IIM,  Piiimo  lifts 
(Hi'V.I,  AM(i-C’,  Jilim  »«,  IIMA.  AMIMm;i-M7 

711.  Cnllhmtiimi  fur  Slralyhl  I, In e  anil  Hinnnit  {’nil rum, 
hvlHK  Kii|iiniiaky,  OKMar-0107,  Hlmly  I  Art,  l'ii|n>r  KIN), 
AWfi-C,  Mur,  21,  114ft,  AM J'-A0M  7-M  III 

41.  Trail  unit  Urina'ly  I  Iff art  n  fur  a  Minliflnl  Turret,  IrvlitK 
ku|ilimaky,  OKMar-1007,  Hiit'ty  Iftft,  l*ii|M>r  illtft, 

AMU-C,  Mi,  N,  114ft,  AMI'-A02,|-M2I 

Si ,  Tin  Mink  IS  in  a  H'alrnnrlim  Tnnrl,  IrvitiK  Kn|ilminkv, 
II|;M.i  MKI7,  Hlmly  Iftft,  Pmiioi  ,'IIHI,  AMU-C,  A|ii  It, 
IIMA.  AMP  AII2  I2  MI7 

N'J  Trail  HJfmh  nfllir  Mink  IS  in  a  1 1 1 i/thmil  T<i>'rrl,  Irvlny 
l<M|ilMHHky,  l IIMI7,  Hlmly  Iftft,  l*n |h<i- 

IMtU1,  Mm  IS,  114ft.  AMP-AII2  I2  MIA 

Nil  ,|  Minhl  I'nlitiiiiliiiii  fur  tin  ,\lmk  it  anil  Mark  J-l,  IrvitiK 
Kii|ilmiaky,  IIKMar-1007,  Hlmly  Iftft,  Pn|irr  ,‘120, 

CMli-l  ,  Nov.  'in,  I '.HI  AMIMMKMS  MU 

SI  Tin  lirilivniin  af  I  H|//r  nf  A llnrk  fur  llir  Mink  i,1,  Irvlna 
Kii|iliiii»ky,  Op  Mar- 1 007,  Hlmlv  Iftft,  l'«|*>r  1(41, 

\Mll*l ',  Mm1  lil.MHft  AMP  A(ia.lH-MI  I 

Sft,  Tin  I'nnlml  Synlria  nf  II  ill  Ttirlirn,  I  hum,  UK  I'mi/ 

,/ iKii'  it  In  In,  ini  |,  Irvin*  Kiiiihiiiaky  nml  Mumma  |( 

I IokIciii'm,  III  Mar  l(HI7,  Hlmly  Mil,  P,i|N,r  1117,  ,\MU-C, 
•IimiI'  211,  MM  t.  \M  I'-, Mia  2-, Mil 

Ml  I  1‘ilitnmill  fur  "  mil  mill  mi  Ikr  S/n  nit  nf  //„•  Tnliil  I'm- 
n-rliini  Mali  un  in  llir  (Inirrnt  Kittlin'  .‘I'll  It' t  I  ‘inii/iilli  r, 
MlIKIHIa  1 1  llrahmua,  1  lllllll'l  t '.  in-Ola,  idol  |<'.  .1,  Mui  my, 
UKMm-1007,  Hlmly  Iss,  I',i|m.i  4ftH,  \MU-C,  .Inly  'ft, 
HMft.  \MP-Alli(.A-M'.i 

N7  l/i  Iniltkn  iritli  Hryw  it  In  Mmlijlraliiiiin  t if  llir  I'nnntl  II  , “I 
l'iiiii(inlir,  Miffimi"  II  ll('»li'iii'»  Mini  DmiOj  (',  l.imia, 
<li;.M«r  IIKI7,  Hlmly  ISS,  WorklKK  I,m|m*i-  (ftft,  AMU-C, 
■liil.v  ft,  IlHft  AMI'  .ftlllt  ft  Mill 

MS.  Till  I*  I  iii  inn  hint  in  tin  Tni'linf  Ini  of  tin ■  H-fll  Tin  ('an- 
hnl  Synh  hi,  I  liiiili'l  I I  .i'll  U  imd  I'  ,1  Mi  iirii>',  (l|,  Mar- 
1007,  Hlmly  I  Cl,  Pu{itu  II  I,  NMd-C,  Mny  ill,  IlHft. 

A.MP-ftirJ  2  AHA 

II  Snianiarii  if  Hum  Hu  nf  T  ml  inn  n  It  III  Tin ■  I'inilriit  I 'inn 
linin'  Tula)  ( ‘ill  1 1 1'linn  Munir,  |i|l,,ll'l  I  * ,  It-nla,  Op  Mar- 
10117,  Hlmly  lilt,  Winking  Ph|hm'  lint,  \M(l-r,  Mhv  I, 
IlHft  AMPAOH  ft  Mil 

00  Itinnliinlnftii  llir  Tnliil  I 'nil  iiinni  M'llnm  in  tin  it’ll  l('l 
t'niiifinlrr  fur  tin  II  III  lo/iftiiir,  I  In  nli<l  (',  |,(.«i»  „n,| 

K  .1  Mm  lily,  <  II  ;Mm  IIHI7,  Hlmly  I  III,  t  'ii  |  ii  >  r  Mil, 
\M(l-( ',  Hc|ii.  21,  IlHft.  AMP  ftllit.ft-M  I  ft 

111  //iiiif/nif/  in  Ihfumr  if  tin  It  III  Aunnml  ,Vn «r  Allarkn, 

I  liiiili'l  C.  l.<'iM>,  I  IliMm- 1(1117,  Hlmly  ISS,  |'n|N>r  llillll, 
AMiWiJmii'  :«(,  IlHft.  AMI'-mlil  2  M2A 

112  Nninlial  Aaalynin  Mathi  mnlirnt  I  'niniiirnhi  nil  a  Mriinn 

mini  ii  in  if  K  II  1’ii.rnnii,  I  liiiili'l  l.mvla  nml  Jnlm  Ii 
Kmvla,  III, Mar-11107,  Hlmly  1117,  Pit|it.r  1411,  AMU  l'. 
Mur,  III,  Mill  AMP*  IIP  Ml  I 

III!  A /i/i/fi'<)lfiiii  if  llir  Air  Mann  { 'mini i nnlr  Milhntl  In  Aerial 
(hi inn i ft  Annrntniiriil,  P,  A  Hmllli,  (1 10 Mar* 1 007,  Hlmly 
IS7,  IV,|.i'i"t7l,  AM  (Id1,  July  27,  IlHft. 

AMP-MKI.I-Mail 


14.  Hr  inn  rb  on  Skif  in  a  Tifiblrr  I’lanr,  II  nan In r  Whlliuv, 
OKMur-MHtf,  NIihIIun  124,  14ft,  IAS,  ni,d  44,  Pttjjttr 
414,  AMU-C,  May  IN,  114ft,  AMP-001  2-MI8 

lift,  linll,  1‘ilrh,  I  'it  in  ('nr  ml  inn  lit/  Tntilv,  It,  I.  Mwnlti, 
(>UMiM'-m07,  Hlmly  Kill,  I»h(k.i-  4HS,  AMd-C,  ,1mm  4, 
IlHft,  AMI’-ftlW  142  MI 

IMI.  I, mu  I  Stnlilliintiim  nf  (’iinritinntrn,  P  A,  Hmltli,  OKMur- 
HMI7,  Hi  inly  I  (Ml,  Pii|mr  417,  AMfl-(’,  Miiy  HI,  114ft, 

AMP-ftOH.I-MlI 

117,  Ut/ra  Miannrnnntl  if  Hnlitlimin,  P,  A.  Hmltli,  OKM*l'* 
10(17,  Hlmly  llltl,  l',i|H-r  4llftlt,  AMU-C,  ,1mm  7,  IlHft 

AMP-Atia  I42-M2 

IIS,  77ir  Annrnmnrllt  nf  Uilil‘('illllirn  Trillin,  Itullill  I1’.  Itl'Illll'H 
mill  Ai'iliur  Hiiril,  ( >MM“r-l007,  Hlmly  I  (Ml,  Pn|mr  S7II, 
AMU-C,  Mini  Pn|n*r  410,  Hlttl-C,  Mur,  2S,  IlHft, 

AM  I '.AIM  14  Mil 

HU,  Hriinuk  mi  a  (finntinn  in  1‘rnlinliiliiy,  (luiirgu  W,  Mitt'ki'y, 
Ui;M"r-IOI)7,  Hlmly  Mill,  l*„|M-r  4Sft,  AM(I-C,  Ail«  20, 
Itllft.  AMP-A02. 1'tl'MN 

Mil).  Hiiiiinitnlry  A  mil  yn  in  if  tin  ,S-j  S  HI  III,  I'!  Il  I  mil'll  mill 
linn  Zi'IOi.ky,  (I IIMmi- HMI7,  Hlmly  lilt,  l'ii|M<r  4ftl, 
AMU-C,  July  7,  IlHft.  AMP-ftIM.IS-M  III 

Mil  I, rail  Turin nliin  far  llir  Tinrrlulil  ,S-.V  Siylil,  M,i|(lii|«  II. 
lli'Kli'iii'N  mid  Dun  Zidliiaky,  1 1  KM  at -11(07,  Hlmly  114, 
Pii|kt  IIIIJI,  AMU-C,  l*’»«|i.  7,  IlHft,  amp-aim  is-Ml) 

MI2  (Ian  Hull  in  llir  S-.i,  I  liui  Zi'liuaky ,  Hi  inly  104,  Pii|iH'  1)711, 
\MU-C,  Mur,  I,  IlHft.  AMP-ftlia.IU-MlI 

Hill  Mnrr  an  tin  (I't/ni  Knur  in  II, ,  S-.I,  lv  II.  I.undi,  OMMar. 
IIMI7,  Hlmly  nil,  Pii|»>r  410,  AMU-C,  Mny  21,  IIMA. 

AMP-ftlia.IS-MHI 

IIM  V'/ti'  N/iiri//  N-.v/l  Slain  1 1  inl  Si  a  It  I,  Hilllllll'l  I'llll'lllilUK, 
(IIIMar-IIHI?,  Hlmly  Mil,  I*ii|hu'  420,  AMU-C,  Mny  22, 
IlHft,  AMP-A02.IH-MI7 

loft.  Ihnry,  I  ini!  In  Hinlinlnni  l,nliiiriiliirn,  Hmlnr  fur  Airhntnit 
Tin  ('iiiilml,  Hiiundi'ra  Miiid,iiiii<,  OHMar-IOOT,  Hlmly 
IMI,  Pii|N  i  Iftft,  AMU-C,  Mny  20,  lull. 

AMP-B02  ,!-MH 

IIM!  Tin  IV  \  I'll  Synli  iii  Vii,  III,  i’lnil  Iii  iS/ii  rri/  (///ruili'ii/iii 
Ciiiu/i'iii;/,  Unrilrn  (' ily ,  /,.  /.,  II,  M  TIiiiiII,  OI-.M dr- 1 IMI7, 
Hlmly  Mill,  Pn|inr  llllll,  AMU-C,  Hun.  IS,  1044 

AMP-ftllli  a  M2I 

107  I, mil  t'nmiintiny  Siyltln  milt  I'linillih  /‘arilmilrr  " ii ", 
M  ultima  II  I  leal luina  mill  Hiimuliu'a  Mnidiiuin,  HKMar- 
1 1 H (7,  Hlmly  72,  Pii(«-r  70,  AMU-C,  UH,  2H,  I04S 

AM  P-Allil.lt  Mil 

Ills,  //mi'  In  I'nl  tin  Tamil  "a  llir  iN/iiiO  4 it  the  S/mln  In  fill'll 
•  ’mu'  Kym  Ilnl  nr  ll'rlaa,'  Hmllulura  Mmd.illlUi  OKMal'* 
IIMI7,  Hi  inly  Aft,  Pni'ui'  lilt),  AMU-C,  ,limr  a,  IIH4, 

AM  P-ftOS.II-,M2H 

100  /'i  'ifi'i"il/  /nr  it  Siylil  fin  Tarn-In  a'llli  Trlnritu  Tnirkilii/, 

I luaaliu'  WOO iiuv,  I )l‘IM«i'>l007,  Hlmly  Hit,  1*n|M*r  210, 
AMU-C,  Jiinn  22,  044  AMI'-ftllit.2-MII) 

Appliart  M«lh»m»tic«  (troop  Norlhwvitvrn 
(AMO-N) 

IMI  Cnin /nihil bum  fur  Oifayril/ih  Hn/hn/ir  Cnrrrrlttni  I’harln, 

II  H,  Wulfn,  ()KM»i-IS70, Hlmly  Ift'J,  Pii|mr  A4,  AMU-N, 
Jinn'  4,  IlHft.  AMP-ft(lil,l-Ml2 

111,  IHn/irmiini  I'nllrrnn  in  Tin  frnin  Mnetny  Airrmfl,  Uniii'K" 

PO'imlnii,  UI>!Mm>.IN7ll|  Hlmly  142,  Pnimi'  IN,  AMU-N, 
Dim,  A,  1044,  AMP-A02  I4HMN 

112,  (hi  A/i/mmil  ,S/im/  Ttriny,  Chni'lua  Nli'lmla, 


CON  KIDKNTIAIt 


HINMOHHAPHV 


1870,  Study  187,  Pn|*»r  80,  AMCJ-N,  Hn|itambnr  1048. 

AMP-MM.4-MII 

Mijnute*  of  the  Meeting  of  Joint  A  mu- N my  NDHC  Air - 
W,w  Fin  Control  Committee  for  June  19,  tltyi,  Hnumlnr* 
MnnUna,  AMO-N,  July  18,  1048, 

118,  Computational  Promlurr*  ami  Farm*  fur  Camera  At- 
*e*»ment  of  Fighter  Plane  0  untight*,  H,  H.  Wnlfn,  OKMnr- 
1870,  Slmly  100,  84,  AMO-N,  N«|it,  8,  1048, 

AMP-803, 1 4-MI  3 

114,  Determination  rtf  Direr!  ion*  in  'Spare  try  Photograph*  of 
Turn  or  Three  Fitrrl  I'nint*,  A,  A,  Allmrl,  Himly  187, 
P»par  80,  AMO-N,  Juna  11148, 

118,  Hinemntii'  I -rati  unrlre  Kvativr  Art  ton  ami  It*  Determina¬ 
tion  by  Photography  from  the  Humkrr  ( Preliminary  Note), 

II  H,  Wnlfn,  OKMnr-l/107,  Hi  wily  173,  l’H|mr  4H.  AMO-N, 
M».V  10,  1048  AMI’-800,0-M0ll 

I  III,  i'nmpulaliitn  •>}  Single  Shot  Pridnilnlihe*  in  Camera  Sight 
Attemnenl,  A  A,  Allmrl,  OK  Mur- 1,170,  Himly  143, 

l’ii|M.r  3,1,  AMO-N,  .liui,  /»,  11148  AMP-8181, 14-M8 

Applied  Mathamallta  Group  Irown  (AMO-l; 

117,  "ChImiImIIm*  AiirIk  of  Allnrk  v«,  Imml  Kw-ln,'  I  'i,rvn> 
from  i  lw<  I 'mini  I'l'rfurnmiiii,  Dull*  OIvi  ii  on  Ktii-my 
I'Ihiiiw"  (Imllnr  In  riiuri'lillt  Kinnnlmrl ),  (InorKn  II 
IlNiiiinliiinii,  OKMnr-HNUI,  l'n|mr  7H,  AMO-H,  Mhv  34, 
•»M4-  AMCWMOH-Ml 

Applied  Mathamatlaa  Oroup  Prlncaton  (AMO-P) 

IIH,  Inlrmturtinn  In  Ihr  Arrtnl  (tannery  problem*  of  A I '■!>/, 
John  W,  Tukny,  (IKMnr-1808,  Mi'iiinrmiiliini  3,  Kn- 
almmrc  H  to  IIiiIIhIi,  3  (  At '-03),  AMO-l1,  Auk  Ml,  1044, 

AMPA0I-M4 

1 10,  7  hr  Current  Statu*  of  the  Simpletl  Atlnrknhilily  Prnltlrnt, 
••"I'll  w,  Tiikny,  l)KM«r-l808,  Mmiiorninliitn  13  (KCH 
II3H),  Hiip.  IV,  AMO-l',  .Iihiii  7,  1048,  AMI’-8(H.4,MI4 
■tatiatlcal  Rtutrch  Oroup  —  Columbia  (HRO-C) 

130.  (tan  Dperulitm  with  head  Computing  Sight*,  II.  HhiHIIiik, 
Himly  411,  I'niHT  <1,  HIKI-C,  Oniolmr  l(M3 

131.  Itelnliw  Target  Motion  anil  Kjfalivt  Di»per»iun,  llollin 
*'•  Manual  I,  OKMm-lllH,  I'nimr  Him,  HIKI-C,  Jim,  n, 

I, Hrt  AMP-803  I4I-M8 

Iiparlmantal  Oroup  Now  Merino 

133.  Tret*  II  elated  la  Ihr  Defer,  nr  amt  Tori  teat  I  *r  if  the  It- S', 

II,  K,  llnlimr  mill  iilltam,  OKMxr-IIHKI,  Hnrvlnu  I'rujnni 

AC-03,  liiinrim  lli>|Hiri  W  TH8,  I'nlvnwliy  „f  N'aw 
Mimli'o,  Nov  18,  HM4  AMP-801  4 1 -Mil 

13,1  The  F/f ret  if  Hndnr  Dinar*,  Nagle  Pane  amt  Fnirril  Dome, 
on  the  Operational  Spterl  if  the  Mortified  , Spent 

(Intuition*  ('no *eil  by  Open  fhmi/i  Door «  at  Oprraliunnl 
A  llltnitr  of  ,19, I**) feet  { Mmnomiidilln  luWnrri'i,  Wnnvnr), 

K.  .1  Work  mini,  (IKMar-lftlNl,  Ili,|,„ri  W/M,  I'ulvwlly 
of  Nnw  Mtmlnu,  .Inn,  H,  1048,  AM  P-804, II-M4 

194,  AP(l-n  Tetl  with  K-A  Sight  In  H-17  No,  ttdlHi  (Mimin- 
rniuliilii  from  Wnr  ran  Wativar),  K,  ,1,  Workmmi,  OKMer- 
lilllll,  Hnrvlnn  I'rnjnal  AC-03,  ll«<|,orl  W/M,  I'lilvamlly 
of  N'nw  Manini,  Jim,  3,  IIM8,  AMP-803,1 1 -M II 
Iiparlmantal  Oroup  -  Ml.  Wllnon  Oburvatory 

138,  OJf*el  (Inn*  in  Fighter  Airplane*,  (>KM«r-l8NI,  Tnnlmlnnl 
lli'imri  H,  Mount  WlUim  Olwurvalnry,  Jim,  18,  1048, 

AMP-8O4,4-MI0 

Applied  Mathamatlaa  Panel  Informal  Working  Papara 

1311,  Note*  rm  the  A»»ei*ment  if  a  Number'*  Itrfmilt*  Fire, 


Wnrrmi  Weaver,  Working  Pu|mr  I,  AMP,  Ontnlwr  1044, 

AMP-804, 1.M  18 

137,  Neprrimrntat  Determination  rf  Flurtuating  anf  Sternly 
Nrror*  in  /'taut  -hr-Plon*  Fire,  Wnrrnn  Wriivnn,  Work  oik 
Pnimr  3,  AMP,  Nnv.  4,  1044,  AMP-803, 3  MI0 

I3H.  The  Kffeet  rf  Quati-Stemly  Nrror*  on  Nutlet  Drneily, 
Wnrrmi  Wnnvnr,  OKMnr-1007,  Working  Pu|»r  8,  AMP, 
Pn|»r  813,  AMCI-C,  Nnv.  14,  1044,  AMP-804, 1-MI7 


OT II Kit  NDHC  HKPOIITS 

131),  The  Interreptinn  of  a  High  Street!  Hnmbrr,  Clifford  It, 
Hlmiiw,  lli>|Mirf  lo  NDIIC  Hncllim  7,3,  Tim  Jmn  llnndy 

. . Ism,,  I  )ui  roll,  Mich,,  Murnli  1044. 

AMP-804  4-M0 

180,  The  Hank  rf  an  Airplane  amt  I, rant  C rotor  under  Condi¬ 
tion*  of  Oenernl  Flight,  Wllllmii  M,  HorgliMli,  lt*i|mrl  0, 
NDIIC  Hni'llim  7.3,  Tim  Jmn  llnndy  OrKmilmillon,  Inn,, 
Diuroli,  Minli, ,  Juim  80,  1044  AMP-804,  A.  M3 

1,11,  V rilor  <1 untight *  and  A**e**ing  Camera*,  OKMnr-OOl, 
IHvliloti  7  lli-imrl  lo  ilm  Hnrvlnn  (HI,  Tim  Jam  Untidy 
OrKniilKHlIiin,  Inn,,  Hn|ii  HO,  1048, 

131m,  lliitl,,  |,|,,  N-',l, 

183,  ,4  New  Type  if  I, riot  Computing  Sight,  Preliminary  Hr- 

port,  l.nnlmi  l.nCimln,  Wnr  I0«nnrnl,  l.nlmmiory,  Hnl- 
vnrelly  of  Tnmm,  A|tr,  38,  1043,  AMP.808.ft.Ml 

188,  A  Drew  far  Crmpating  a  Correoliiin  in  the  Nine  mail, 
hrud  Computation  nr  Unit  Computing  Sight*  [Pnrl  I], 

I  •nail'll  l.nComn,  ||n|mrl  to  NDHC  Hnnllun  7.3,  Wnr 
HnM‘H rnh  |,Hlmrnlnry,  I'nlvnreliy  of  Tnmm,  Fnli.  3ft, 
"MA  AMP-ftoa,0-M87 

184,  The  Two  Campnnrnt  M  ('imeetum  far  Hi  nr  matte  head  and 
a  Po**ihlr  H’n y  if  Adding  It  In  the  Fnirohild  S-,1  Sight, 
••oak'll  I, at 'onln,  lln|mrl  lo  NDIIC  Hnnllon  7.3,  Wnr 
IIiwhwIi  Imlmrninry,  CiilvnmUy  of  Trana,  Mur.  81, 
1048, 

188,  Thenrelionl  Armlyti*  of  the  Prrfnrmnnre  rf  Uuntight*  rf  the 
Murk  IS  Type,  M  (lolomli  mnl  II,  (1,  Vnvnn,  lli'|iurt 
880- 1 700- 1  OH,  I'rmiklln  I  mu  hum,  Novnmlmr  1044 

lllft,  Trnrking  Nrror*  in  Syitroi*  t'ting  PetmHy-1'rmking  amt 
A  ith  d-Tmekiny  Control*  with  On  rot  and  l.rml  Computing 
Sight*,  (IKMnr-880,  NDIIC  Dlvlniuii  7,  Hrniliiii  7,3, 
lli’IMirt  lo  Dili  HnrvlwH  7H,  Knl.ri in ry  1044, 

AMP.80il.3-M8 

187,  Thr  Air  M»„  Coordinate  Mrtheut  if  Aerial  ( Inin, erg 
A **e**mrnt,  K,  ll,  I’lnknle,  NDHC  Hnnilim  7,3,  Kali.  18, 

l"4?’  AMP-808.ft.M8 

IIIH,  Fighter  Ounneey  mul  A**e**mrnt  if  Fighter  (lunnrry, 
Minnie*  if  Meeting  if  Committee,  July  it,  DiJA.Hnnmlnm 
Mm’lmnn,  OKMar-HNI7,  Juliil  Anny-Navy-NDUC  Kira 
Coni  ml  Cniiitiilllaa,  AMd-C,  Auk.  0,  1048, 

AMP-80I-MII) 

180,  Mo, lift erd ion  if  thr  MS,  IS  Hyra()m»igM  (Mnniumndiim 
to  llimulnr  Wlillnay),  John  II,  Huawli,  July  14,  1044, 

AMP-803, 13-M4 

14/1,  Sgmpimium  an  Confidential  Airborne  Kleetrrmir  Kguip- 
wan i,  MIT  IlndliUliui  !.nlmrn!ory,  Juna  18-17,  1044, 

AMP-flOO-mft 

141,  Pi, emit  Curve  <'haruetrri*tie»  (tlrn|il»t),  N,  U,  Mnyn||, 
UKMar-101 1  Mmmt  Wllaun  Olrmrvnlory,  CnrnnKla  limtl- 
•oM«m  of  WnuhliiKlun,  A|ir,  8,  11)44,  M P-808,7  M3 


HONKIUKNI’IAIi 


HIIIUOUII  At'HY 


m 


ARMY  HRYORTS 
Aberdeen  Proving  Ground,  Md, 

143,  Firing  Hiilvu'itr  from  an  Airplane,  I,  Theorrliml  Cun- 
lulmlbnt,  II  I’,  lllletlimiek,  ProJwM  IIX  114,  lltomrl 
llll,  Huillallft  Hmcanreli  Kalmralnry,  Alu'filimii  Proving 
(IruunU,  Almrclwm,  MU,,  Aug.  13,  I  HAM, 

143,  Thr  Fjfni  nf  Yaw  upon  A  irrrnfl  lino  fin  Trnjerlnririt, 
T.  I*!,  Mti'ritu,  lt«|Mirl  34ft,  Halllallii  lltiit'nrcli  l.almmlury, 
Almriltmu  Proving  Umuiul,  AlwrUiuui,  MU,,  Mnv  1, 11143, 
I43n,  /Wi/„  |i,  4, 

144,  Annlylml  Trnjrrlnrirt  / hr  Tyi if  R  Yrajrrl Ret,  T,  14, 
Hlerii*,  lli>|Mtri  3411,  Itnlllnl In  IliwnriUi  Iwtlmrnlnry, 
AlmrUimu  Proving  (Irnunil,  Alwrilimu,  MU.,  A|ir,  7, 

1 1143,  |i,  I. 

1 4A.  On  Ihttvi  Finny  Tahir  >  fur  A  irrrnfl  Hnnnrry,  v:ilh 
Ynrlfrulnr  Rrfrrrnrr  In  Cnlibrr  ,fn>  A l‘  Mi  Ainmunilhm, 
T,  14,  Hlnriin,  llcimrl  8IHI,  ll«lll«llr  ltf*fiircli  l.nliomiory, 
Alx'rUimu  Proving  (Ironiul,  Almrcli'iui,  Mil,,  8t'|il,  3, 
11(43,  |i,  4 
Hftn,  I  Inti,,  |i.  (I. 

1 4 All  / bhi ,  |i,  It, 

1411,  Hnllitliv  Cnrjllrnntr  nf  Small  A rmt  llnllrlt  nf  Cnrrrnl 
Yriulurthm,  II.  (I  Kiirpov,  Hnporl  47H,  Hulllxlli'  lie- 
wnfi'li  luilHirniory,  Aln'rilimii  Proving  (Irmiuil,  Alnr- 
Unt'ii,  Mil.,  Aug.  I,  1044, 

147,  ( Irrnmn  10-mni,  1,1-min,  nml  T.Hi-mni  Airrrnfl  Ammuni¬ 
tion,  II,  (I.  Karpov,  Moiuo-huiIuui  Hopurl  34M,  HhI1I*Hi< 
lli'mniri'li  Knlinritinry,  AD'rilimu  Proving  (IrminU,  Almr- 
tlwoi,  MU.,  Nov,  III,  11(43,  |i.  3. 

143.  Trnjrrbirirt  in  Air  I'mmlinnlrt  for  I'nlihrr  /ill  Al’  Mi 
Yrojniilr  Firm! from  A irrrnfl,  I,.  |l.  ('.  I'oioiUiglmiu  mol 
I1’,  tloliii,  Mi'UiiirnnUnni  l(«'|Mirl  3TI(,  HnllUtln  Ili'mmnUi 
l,nlMirniory,  AlmrUimu  Provlug  (Ironiul,  Almrclii  it,  MU  , 
Mnr  3,  11(44, 

1411,  Siam  Fnmiiuntfnr  I'nlihrr  All  Frnnyihlr  Itnll  7’44.  Almr- 
<l<mu  Proving  (Ironiul,  Almrilmi,  Mil,,  H**(*t«*iiil n*r  11(44, 

|i.  i, 

1/31,  A  Yhnhnnrlnirimlr  Mrlhml  /or  Hnnih  Ha llirhrt  anil  for 
Mrmnrrmenlt  nf  Ihr  Fliyhl  Yrr/iirnninrr  nf  Airrrnfl, 
Hill,  lli'iinri  Nu.  37U,  Alxuiltmu  Proving  (Irtnuiil,  Alwr- 
ili’iui,  Mil,,  8t<|<l.  311,  I IM3 

Central  School  for  Vleelbl*  Ounnory,  AAV 

IAI  Own  Sprnl  Siyhlt,  A  14.  H  (Inmo,  lliwiiri-li  HiilliUln  llll, 
AAK  (Vulrnl  Hi'linol  /or  Klnxllili*  (liumory,  July  I,  IIH4. 

IA3,  Kmrryrnry  Siyhliny  Ruhr  far  (lunurrt  mi  H-ili  Hiinilnrt, 

A  14.  H  (Iriiui,  lliwnnri'li  HulliUlu  1(17,  AAK  (Viiirui 
Hi'linol  for  Kinxllili'  (luunory,  July  4,  l!(4l, 

I  All.  Jmlyinrnl  nf  A  •/ml  A  nytrn,  14,  W,  liny,  llinmirrli 
HulliUlu  131,  AAK  ( .*1*111  ml  Hi'linol  for  KlioUlilii  (luiiiN'ry, 
Hti|il  .'Ml,  11(44. 

IA4,  llnllrl  llitprrrinu  for  ll-IT  anil  h  ij  Airrrnfl,  HimtMiri'li 
HulliUlu  133,  lliwi'ini'li  IIIvIhIoii,  AAK  (Vulrnl  Hi'linol  for 
Kh'xllilr  (lunnory,  (hu,  I,  11144, 

1  Art,  ,/mlynirnl  nf  Attnrk  no  if  Sup/mrl  HitnnHiinn  in  the  Air, 
llnwnri'li  Hiillnl In  134,  AAK  (Vulrnl  Hi'linol  for  Klimlliln 
(lunni'ry,  Mny  34,  III4A, 

I  A(l,  A  Hrirf  Sumy  nf  Sint/i/rr  Typer  nf  A/rhaine  (luntiyhh, 
Hnuiulum  Mud,nui<,  Ml  inly  104,  Pit|n<r  3H(i,  Knvimul, 
AMU-O,  Nov,  34,  11(44,  Aim  mvlwul  nml  prlnlfU  n* 


UwichwIi  MnmornnUiiiu  3!(  liy  AAK  f Vulrnl  Muhnol 
for  Klmillili'  Oiiniinry,  Jilin*  III,  I  IMA,  AMP-AOt,|-MIH 
IA7,  Vue  nf  Cnmpentaliny  Siyhlt  fnrhniiny  Ike  Problem  nf 
Support  Firr,  P,  W.  KfUi'lium,  Hrwwirnli  IliilfoUn  IRA, 
AAK  (Vulrnl  Mulnuil  for  Kluxllilc  (lunnery,  Juuu  3A,  I  IMA, 
I  AH,  Hnttet  IHiprninnii  in  Ihr  li-;il>  A  irrrnft,  Hrwwoli  Hullnllli 
11(43,  lliwiinri'li  Idvlnlnn,  AAK  (Vulrnl  NniuuJ  fur  KlnxH 
I  tin  Guniwry,  Augunt  I  IMA, 

I  All,  Off"!  On  nr  nn  Fiyhlrr  Airrrnfl,  V,  Cl,  CJnivn,  HsuKmrnh 
HulliUlu  141,  Ih'mnroli  Dlvlnlnu,  AAK  (Vulrnl  Holiuol 
for  Klrxlliln  Cluiuwry,  l-nmilo,  Tuxnn,  Ang  91,  IIMA. 

1(10,  Thr  CtmlfihuKim  nf  Fiyhlrr'r  Curvature  ami  Murh  In  a 
S„ p purl  f/unnrr’r  Ibfhvliun,  N,  Cutilirn,  lli'mnrnli  Mnnur- 
niiiilum  411,  AAK  (Vnirnl  HoIiiniI  for  MimlliV  flonimry, 
Aug,  31,  IIMV 

Operation*  Analytic  DWItlon,  AAV 

llll,  (Inn  Climh,  IlnriminliHlim,  nml  llnllrl  Ynllrrn,  W.  I„ 
Ayn**,  Oin'I'hiIiiuh  Aimlynln  HmUlou,  I4lglilli  Air  Knrif, 
Nov,  13,  11(44 

1113.  Support  Firr  U'ilh  Ihr  R-1,1  Siyhl  nil  Ihr  Wnirl  ( /mil,  W,  I.. 
Ay m*  nml  ,1  W  Oillc,  (IinthIIoiin  AiimIvhI*  Hffllini, 
Klgloli  Air  Kuril',  I  dm  37,  IIM4 
1113.  Snpimrl  Firr  Ayninrl  ./if  Airrrnfl,  J  W,  OUla,  O|H'0i* 
lion*  Aiml.v*l*  Hfiulnu,  Klglilli  Air  Korcc,  A|u,  31,  IIMA 
1114  Fiuhlrr  Allnikr  with  Offrrl  Hunt,  W.  I,.  Ayrw,  ,1  H, 
Jlll»oii.  nml  J,  W  Oilli*,  (i|H<riillou*  Aiuilyal*  Hi'iuioo, 
llfnili|imrli>r*,  Klglilli  Air  Korrc,  Dim  3H,  11(44, 

IIIA.  Annlyrlr  nf  Funny  Fiyhlrr  A>'tinly  at  Rrtntnt  In  l.nttrr 
nml  linmnyr  Sujfernl  hy  Hr. ivy  llnmhrrt  on  llll  Minium 
iluriny  July,  Aiiyiml  nml  Srplrmhrr  /UJ.I,  Oimrulloiutl 
llfwiiruli  Himilon,  Klglilli  Homlmr  l/oluinnuil,  Nov,  8, 

I  IMS. 

I  (Ml,  A  Manual  nf  Flrnhlr  Uunurry  for  Airrrnfl,  (  >|M'I'm(  llilix 
Annly*l*  Hfflliiu,  N Ini li  Homln'r  Comuiniul  (I'HAAK), 
Ciilro,  Kgy|il,  OMiiImt  1 1148 

1117  Rrp,nl  tin  Itrrign  rf  Haywnril  ,V,mii  Firing  Siyhl,  with 
Imlrnrliimt  fur  Intinlliilinn  nml  llnrmnntiiny,  Kur 
KiiHli'ru  Air  Kuril'*  0|H-rnllim*  AimlyHl*  lln|Hirl  HI, 
Idm  31,  IIM4, 

ION,  Flr/ihlr  Honor ry  A mirnry  nml  Opliiniini  llitprrtbn 
Fiflrrnlh  Air  Fnrrr,  ('  P,  Wl'lln,  0|N'rnliiill*  Aiml.V*l* 
■Ami Ion,  Klflimiilli  Air  Kuril',  Mnr.  lit,  DMA 
Hill,  A  Ltyhtii'viyht  Rmlnr  Cnm/inlrr  Cvnihinntinn  fur  Ihr  II-/U 
RCT  Sytlrm,  A  14,  H,  (Irwin  Ct|M>ml (iiiih  AimlynlM  Hue* 
Hun,  TwmilliUli  Air  Kurae  llunil<|unrirr*,  Ocl,  33,  IIM4, 

AAV  Proving  Orour.J  Commend,  Kglln  Vlold,  VI* 

171),  Yrrlivnl  Ikflerlltni  Annlytit  Flrtiblt  (Innnrry,  14,  W, 
Pnxmiu,  AAK  Proving  (Inuiiul  (Vuininiiil,  Kglln  Klnlil, 
Klu,,  l-Vli,  4,  IIM4,  p  4 

171,  (Irnphivnl  Corm  tinn  Trrhoiqnni  fur  A  month  nml  Rlrviu 
linn,  14,  W.  I'iikmiiii  nml  JiiIiii  U'wl*,  A**i'*«mfiil  Mniiui 
II  (HT,  S-44-83),  AAK  Pnivlug  (Iruuuil  (VmmattU, 
Kglln  Klnlil,  Kin,,  Muy  Sill,  IIM4, 

173,  Cnh'iilnlton  nf  Drftnlinnt  llnmlmr  in  Arvrlrrnlmi  Fliyhl, 

14,  W,  Pmimii,  Atwumumuil  Miunn  II,  (HT,  3-44-33), 
AAK  Pnivlug  Urimiul  IVuminiiil,  Kglln  Klnlil,  Kin  ,  July 
lit,  IIM4, 

I7B,  Allnvkt  Mtnir  by  n  Fiyhlrr  with  Okliqne  (lunti  Yiirtuil 


(’ONFIDIONTIAI 


HDIFIOtJH  Al'lt  Y 


233 


Cnrm:  Tim4  Obtiyu*  Gunnery,  K,  W,  Pmsson,  AAF 
Proving  Qrmttui  Commitml,  Kgiltt  Fluid,  Fin.,  Mnr.  II, 
1044. 

Othor  Amy  Rouma 

174.  KnpnrU  from  Caplurnl  1‘ermnnrl  n  ml  St  at  Mai  Hrnnrh, 
Mllllnry  tiil«lll||tnicm  OIvIhIiui,  l!.  H,  Wnr  Department, 
liy  Onmlilmul  Pemuiiiiul  of  F,  H.  noil  Itrlllrli  Hvrvlivw  fur 
Fee  nf  Allied  Fnrre*,  Mnr.  Ill,  104/1, 

178,  OAF  him*  nil  the-  “f’on ipnny  tyrant"  Allnrk,  AAF  In- 
lelllgettMt  Htnnmnry  48-8. 

170.  Jap  Tiyhtrr  Tnrlie*  with  I nelinnl  (hi an,  ili<nil(|tmrlnn* 
AAF  Itiiellljjeiiw  Hnmninry  45-3,  .Inn,  00,  1048, 

177.  Finn/  Hr  part  an  Tr*l  of  Kvalnnlimi  a}  AMnl  dun*  nail 
(Ian  Niyhl*,  Hnrlnl  3-44-33,  AAF  Mininl  Prnji>et  F3370, 
.Inn  30,  104/1, 

I7H.  Cllln/im  SI ,1  ttt'ltl'rlK  mill  Tiyhllliy  ('lllitml,  J  ,|,  Dri-Poll, 
lli’iulipnirinrn  Heroin  I  Air  lllvinlim,  Flglilli  Air  Form, 
April  104/1 

170,  ditunrr'*  /a/armnllmi  Tile  Tleritilv  Gunnery,  Air  Fnren 
MmiiioiI  ail,  M it v  1044, 


NA  IT  HKI'OIITN 

I  HO,  Stnthriunlirnl  A  nnlyti*  a]  GriUnnry  amt  Ikvinlnt  I'armil 
( ’iim'ii,  ('iirmli'linul,  Hulun,  (llitiiiini,  (Imln,  Pmjeel 
HM-0,  M|mm'IhI  I >«< vDh*n  IIIvInIiiii,  IIiiAui,  Niivy  Dnpnrl- 
nonil,  Hnpl,  18,  1044,  p  III, I. 

ini  Ktprnmrulal  iMernnnnllan  nf  tin  I ‘illh  nf  a  Tiyhtrr  I'lnttr 
in  ,4  llnekhty  n  Hnuitier,  1‘hmtr  /f,  K,  W.  I'linnon,  1‘oiilriM't 
NI00H-3II83,  llit|inrl  lit  H|N'i‘liil  Du  vine*  Dlvlnlmi, 
ItuAer,  Nnvy  Dnpwrtnsunt,  Tim  .Inm  llnnil.v  Drgniilan- 
I Inn,  loo.,  Detroit,  Mil'll.,  Mny  3a,  1044,  Hon  7. 

INS.  Naim  fur  Itrfrrrher  Trill  arm  ini  tkf ratter  < 'mu  hill  Shi- 
nrnvrr*,  K,  V  lloriitvny,  Free  (lininnry  Hliiniliiriil*nllon 
(  iiminllli'i',  NiiviiI  Air  Operiilliiiiiil  TrnlnliiK  t'nmomoil, 
.Ifiekuuttvllle,  Fin.,  Nov,  33,  1044 

18,1,  tmiliun  Tiriuy,  Free  (limnnry  Hlnnilnriliriilloii  Com- 
mil  Inn,  Nnvy  l>n|iiirlinnnl,  ,lnnn  Mil  l. 

184,  Air  (hi mnr u,  Thr  Tree  (hoi,  HtlAer,  Nnvy  Pr|inrtmriil, 
Mii.v  1013 

188  dnntlyhl  Sliifk  it-tA:  Terummruituttini  fur  Cnlthrnlwn  ij 
('mitral  Clreult*  far  Ft yhter  Niyhl,  I).  I),  ('inly,  11-44, 
AAA,  Intknn-llnroiil  I  ,i>  I  torn  lory,  Iln4il-3A,  l.nkne- 
1 1  n  mil  I  ( ’iM'iNirttl  Inn,  Nov  18,  1044 

1811,  Gnutiyhl  Stark  IS  Fi mil  tlrrmnnirniliitimi*  far  Cnmpnritr 
K  rtf,,  I)  D  ('inly  mill  F,  T,  ilognm, ,lr,,  8-44-T,  l.ukiw 
llnrnlil  l,nl«M.*tiiry,  lli'4tl-38,  I .iikitn -I litmlil  ('or|«irn- 
lion,  Auk  34,  1044. 

187  ('nlihriitlmi  of  Tim*  «f  Tliyhl  fur  thr  I'urmill  of  a  Taryet 
Tlyiny  it  Clmilar  f'uinw,  (t,  10,  Alliert,  1 3 -41  •  I > ,  l.ukn* 
llui olil  l,nlH/rutnry,  lle4il-38,  l.iikim-llnmlil  (‘ur|niru- 
i Inn,  Uni',  7,  1044, 

188  K,*p*rimrnt»  it  in  I  Hmrnrrh  mi  Strthmt*  nf  Altnekiiiy  hnifp 
thimhrn,  FINCPAl'-FINFPOA  TwiwIhIIiiw,  No,  a, 
Nov,  (I,  1044. 

180,  thferener  Naim  an  f'/mvinf  unit  IhuvnllWtl  hiflinnt 
Tltnl  tlihmni  St  Or  far  Type  it  I, anil  Itrrrn  I'lnnr, 
U|  N  DP  AIM !  I N  V  1*0  A  Tmtinlnllmw,  Nov,  II,  1044 

100,  Itiirrmuht  t'nllrrn*  far  Tiyhtrr  Airpltinm  with  IHteuuimi 
nf  Tartan  A  ft  Mum  Aim  I  an  Allmvanrrt,  (louftilmillnl 


Tflflhnlnnl  No  In  F-48,  Hnfnreiipe  Apr-K-8381-KMV, 
F4I-8,  VF,  HuAnr,  Nnvy  Ui'pnrlmmit, ,1mm  4, 1048,  p.  8. 
lilt,  Stark  IS  Nervine  Manual,  lioOrd,  Nnvy  Department, 


tmmsti  HmwTs 

103,  Slnmlaril  Ciirkrtrew  Mantimr*,  Ap|ienillx  A,  OHHD 
WA-8III8-DF,  i .nUrr  I5(!/M.a0348/Alr^0|»,  l(n),  llmvl- 
niinrlnm  Hmnlmr  ( 'inniimiul,  Clmnl  Hrilnlti,  Mny  37, 
IMA.  AMP-804,  l*M  10 

108,  Kimr  Nhimluni-Kvmuir  Arlitut,  l<«|Hirl  71,  llAF  Air 
FIkI'O'I'  llnvnliipmi'iil  Full,  Apr,  80,  1048 

1114,  PUMldna  Air  Tlriny,  OHHD  WA-4488-HO,  Hn|mrt  Al* 
178011,(1  I,  Dnpnrl mniil  of  llm  Air  MnmDir  fur  Trnlu- 
Iiir,  Air  Mlolnlry,  (Irtml  llrlluln,  Novniiilmr  1043, 

AMP-808, 4-MI 

108,  (Iriirrut  Nairn  an  (tun  Siyhtluti,  OHHD  11-8-7314(0),  Hu¬ 
ll,  irt  A, I',  1 73011,  I, innli in,  Air  Mllilnlry,  Ornnl  Hrliuln, 
Hnpli  iiiIh'I'  IIH'J,  Vol.  I,  (Imp,  I,  AMP-803, 1-M8 

100,  A  NiiW  mi  Stark  II,  (It IS  iNrfnmanrr  in  Hrlntian  lu  Itnnir 
Hathulir  Hripiirmimli,  OHHD  WA-44/I8-8K,  Arioninniil 
I  Irpni't incut  Noli*  Arm,  330,  llnynl  Alrrrnfl  Knlnlillnli- 
otnnl,  (Irnnt  lirMnlii,  HnpInmlH'r  1043  AMP-803-MI 

107,  ,4  Strthml  of  tlhtuininu  Oprrutiiuinl  Nlithilily  in  AM, 
Shirk  I  HON  Syulrmit  (Null1#),  DHIID  WA-44, 18-81,  FF 
Mi'miuniiiliim  ON,  Ariiiiininni  i  >«*pnrl  mt'irl ,  llnynl  Air- 
ninfi  Ikipiirlninnl,  (Irnnt  Hrlinln,  July  1044, 

AMP-808  II-M38 

108,  Thi  I'hiiiaaiiaiai  nf  A  trial  Aim  ll'niu/rr,  An  thorny  an  Hr 
Stnllinuiitiiul  hmrriptiun,  Ntiltinthal  Stmntrrutrnl,  ami 
hijtiinur  mi  Onnnrry  I'rtfurmui.iv,  I,.  II.  (',  ('ounliiK- 
limn,  OHHD  WA-3088-4m,  AW  A  Hn|mrt  81,  Air  Wnrfum 
Annlvnln  Hni'llno,  (Irnnt  Hrliuln,  Apr.  30,  1044 

AMP-803.1  Mil 

Itm,  The  Nervier  Trial »  nn  thr  Sth  II  (lyrn  (luuriyht  far 

Turrrli i,  Mnlvlll  . . .  OHHlMI-8-8N07(H),  Floill  Hu- 

port  Kx  (I  It  I '  47,  limit  HfltnOi,  Apr  8,  1043. 

AMP-Htrj  13-Ml 

300,  The  Nlalulily  of  llliuil  Tinny  Nyule mi,  (V  W  (Wlmrl, 
OHIIH  ll-8-A037(H),  llnport  (IHF/M.8,  (Iminnry  Ilf- 
nunri'li  Full,  Kxutur,  Kiir,,  Mnr  14,  11*44, 

AMP-803.3  M4 

SIINCKU.ANKOI  ’N  Nil!  It(  NN 

301  Stnlhrnntlieii  nf  Ihr  1A I  Trninrr,  TIib  .Inm  llnnily 
( IrKimlniil Inti,  lltu, ,  Dnlrult,  Mlnli,,  Ontnlmr  1044. 

’303,  Krprrinunliil  IMrrminnltmi  nf  the  Tilth  nf  n  Tiyhlei 
1‘lane  in  Allnrk  my  n  Humlwri  I 'hurt  It.  Sialhrainlieiii 
Aaalyri *  of  I’hnluyraphte  (Hwreviilinmi,  M.  W  PitNmm, 
Tim  Jim,  llnnily  OrKiotliiulliHi,  Itm,,  FHN  Onutrnni, 
N  HIOH-3083,  Mny  33,  1 1144 

303,  Klementnry  Shit  hemal  im  nf  A  mill  Onnnrry,  K,  W 

Pmoiou,  Tim  .Inm  Hitinly  (Irxmiiimtiini,  Ini'.,  DvIrnH, 
Mli'li,,  ,1  uiiti  1043,  AMP-803  I -Ml 

304,  Tall  dun  Cum  pul  my  Niyhl,  Kiliuituil  H  llmnmoml,  ,lr„ 
Htnmry  (lynnm'ipu  f!o.,  Inn,,  Mnr  10,  1048 

AMP-A03J-M4 

308,  Thrnrrliml  AmilunU  nf  Ihr  Nprrry-lirnprr  Niyhl,  K -Niyhl 
unit  Nprrry  NlntiiUinl  Niyhl,  8|mrry  (lyi'<*«i|i*  ()«,,  lim 

AMP-803, 1 -M87 


tX)NKimt)NTIAI 


334 


HIIILIOOH  AI’IIY 


30(1,  T b  H-<1  and  K-4  Aircraft  Night  ICrror  Amlytit,  Kdmnrul 
It.  Ilnmmnnd,  Jr„  Onmnnwil  3230-11- A,  Mpnrry  Gym- 
Go, ,  J«n,,  May  #i  1044,  AMP*flOB.ll*M3 

807,  Steady  Stale  Prediction  Kr-or  of  the  NS  Night,  O,  T. 
Rolnilti,  Unmmwnt  8333.3000,  S|N»rry  Gynnwoiw  Go,, 
Itifi.,  All*,  IS,  1044,  AMP-809, 13-M8 

908,  Handbook  of  Intltuciion*,  Operation,  Nervier,  and  Over* 
haul!  Central  Nlation  fire  Control,  Computer  Model* 
tCH JC I  and  tCHIDl  /or  lb  H-W  Airplane,  ltr|mrtn 
CIK-M7II7H  Hint  AN  I1-70A-D,  UKMffRTA,  Orimml 
Kleitlrle  On,,  Juiw  10,  1048,  AMP-303. 8-MH 

900,  General  Kleclrie  Gyrn-Ntahiliird  Night  with  Lead  Control 
«  /or  Hematn  Turret*,  J,  II,  Moor"  Un|*irt  TH-3I3IIM,  Tin1 
General  Klenlrle  Co.,  Mept.  13,  ' l.  AMP-BOii.i-M  14 

310,  "Vl*lerfrn*n(i"  CMInGt  Qursilsissss  or  Polnln],  Tlinmlnr 
Wlllwlm  Mehmldl,  Heriehl  iter  Lilienthol  Gr*ell*rknfl, 
OHItn  WA-8IPB-0G,  Apr,  4,  1041,  p,  IAI, 

AMI*  509, 1  -M3 

311,  MTlu>  Aerndynmnle*  of  n  Hplnnln*  Mill'll,"  Fowler, 
Gnlhip,  I, nek,  mill  lllntimoiul,  l‘h  Humph  tent  Tranmw- 
tiim*  of  the  Hoynl  Society  (Immlmi),  Mnr,  A,  1030,  Vol. 
331,  pp,  3IMWW7. 

319,  "Kin  Nomo*rnuim  f$lr  die  ll(lbniiHlilinn*l*knli  il**r  On- 
■olM»Hflii*il»iii'i'  von  Flu**Mi*wt»(Tnn,"  'I'lwmlnr  Wlllii'lm 
Mehmldl,  Jnhrenbrirhl  drr  lien lichen  l.itftfnhrlforichuny, 
1030,  Voi.  iii,  p,  in?. 

313.  Uhrbueh  iter  llnlliitik,  <‘,  Gran*,  Jiilliw  Mprln*i'r,  Fifth 
Killllini,  Itorllii,  1033,  Vol.  I,  p,  137,  l>lv,  3 -230- M3 
914,  Xiir  Hatti»Hk  de»  Qiirrobichimr*  mil  ktrinrr  S’,,  Drull- 


otter  hilmrbtabilieierte  Ceevhtm*  6 ei  J  flyer-  Vtrllauf- 
bmmffnuny,  HehOwler,  Kniwrlmenta  end  Memnrandw 
3130, 1  J'A  llnrmmin GOrlii*,  Hrmiitneliwfil*,  Nov,  i,  1044, 

at  A.  "Vnrfol*iiii*rkiirviiii  Im  l4iftkninpf,”A,  Frlokn,  KM  030, 
Kent  rate  /Mr  WiuentehafUicb*  Herichltmtm  der  Loft- 
fabtfanrhuny  dtit  Gemr*ttuft*eugm*i»t*r»,  Ail*,  30,  1043. 

310,  "Vorlmltellienrle  for  Ikiwefllehe  K1u«mm immoImihm wnf- 
foil,"  A,  Frleke,  KM  777,  Kent  rate  /Ur  Wiuenirhaflitcb* 
llerirhtttmen  der  huftfahrtfonrhuny  dr*  Grnernlluftitug- 
meieter*,  June  30,  1044, 

317.  Heriehl  M0,  IMimlhnl  aeeetlerhnft,  1040. 

313,  llerlnlil  138,  Liltenthal  Oetelhrhnft,  An*,  13-14,  1043, 
at  Ha,  I  hid.,  "Krelwlvlnlere,"  II.  Kurt  mu. 

310,  [Wlinlvmii*  Hl*lil,  lltn  iiwn-*|*ed  »l*!il],  AnMlany  file 
dm  Gebraneh  ile*  Winil/ahnenkornet,  I'elirimry  1010. 

AM  P-803. 1 -Ml 

330  Pnirchild  Type  N-,i  Gyro  Computing  Night,  Fnlrolilhl 
( '« Mi«*m  mill  I n»i ruinmil  Gorp,,  Jmtndee,  N,  V.,  Mn|>- 
Inmltnr  1044. 

331,  Interreptiun  am  I  Kicnpe  Terhnigne*  at  High  Npreil  and 
High  Attitude*,  Mntlrl  4HI,  W,  It,  Klnm|tnrnr,  lli*|mrt 
MM -330,1  | llnvlnwl ),  ll<m*lnn  Alrrnfi  t'o,,  Imp,,  (Oil, 
33,  1041,  ApiH'inll*  I.  AMP-304, 0-MI 

331  ii.  I  hid.,  Ap|M>iiillx  VI. 

33 1 1 1.  Ibid.,  Ap|ifliillx  VII 
33li’.  Ibid,,  Appendix  III, 

333.  .4  General  .Survey  uf  the  Problem*  /Cnieriny  into  Plane-lo- 
Plane  Ptrr  Cnnlral  (Thnnln),  John  M,  Wnnrili,  Prloeelim 
t’nlvornliy,  Mny  1043,  AMP-303.3-MI 


1  ' 


I’AHT  II 

C'.hN|>li«r  V 


I,  The  .Sighting  Problem  Jot  Airborne  Tire  Control,  llmtnlnr 
Whit  im v,  OHItU  0370,  OKMnr-1007,  AMI'  Itnporl 
134,111,  AMIM/'i  Oi'IoImc  1043.  AMI’-OOl.'J-MJI 

I, i  /hid.,  p.  33 

th,  /hid.,  Mnra.  H,  (i  mol  10, 

In,  Ibid.,  pp.  II,  13. 
til  /hid.,  pp.  It,  in, 

In  /hid,,  Men,  13 
If.  /Mi/„  Mow,  13,  14. 

I*.  Ibid.,  Apiwmlix  I, 

Hi.  Ibid,,  Mod.  33 

II.  Ibid,,  Mow  10-30, 

3.  Angular  Nate  Methml *  in  Hneket  Nigtding,  Irvin*  Knplmi- 
nkv,  OMItl)  0373,  UKMnr-1007,  AMI'  lti*|Hirt  134,311, 
AMO-G,  Oi'tnlH'r  1043  AMI'-00I.3-M2U 

3n  Ibid.,  I'nrl  IV. 
ail.  Illid,,  I'nrl  VI. 

2e,  Ibid. ,  I'nrl  V, 

3.  Mramrrmenl  uf  Angle  of  Attack  and  ,Skid  to  Ituekel  Pire 
Problem* ,  II,  l„  (InmlH'illiili,  OMII  1*03011,  OKMnr-1370, 
AMI'  Hoport  101  lit,  AMG-N,  Oelnlmr  I1HB, 

AMP-802.I4-MIH 

4.  Airborne  Pire  Control,  Ml.minnry  Tcmlililrml  lli'innl, 
NDIIC  Dlvlnlnu  7,  IIHII,  Vol,  It,  tlmp  0, 

3,  Trnjeetortr*  of  Aircraft  ICaeket *  it.A“  and  11.11“,  OMII  I )  3333, 
OKMnMIM,  oriVUUG  ll.'|K.rl  37,  (JIT,  Mnpl,  33,  1044, 

AMIMMKI-MI 

3n,  Ibid,,  p,  70. 


II,  The  reeling  of  n  Certain  Hange  Pirnler,  llwwlnr  Wlillnny, 

l»KM"r-IOOT,  AMI'  Nlmly  134,  AMU-G  l,»pnr  3113, 
Nov,  7,  1044,  AMIMHII.3-M3 

7,  Nate*  on  lb  Tracking  Problem  for  Pightrr  Plane*,  llnnulnr 
Whll  nny,  OK  Mm- 1 007,  AMI'  Mlmlliw  134  nml  104, 
AMG-G  I'Hpnr  330,  Itnn,  13,  1044  AMI'.30tl.3-M30 

K,  A  Particular  Melhml  of  Aiming  Nandi*  and  Hockrl*, 
llnwlnr  Wlillunv,  OKM*r-HI07,  AMI'  Mlmllnn  134  nml 
IIH,  AMlI-G  l*»|H-r  3113,  Itnn,  13,  1044,  AMI’-OOI,3-M4 

|l,  t'k  ■  Afn rk  IH  a*  «  linage  Plwler,  llnrry  I'ollnril,  OKMnr- 
1007,  AMI’  Mliolv  134,  AMG-G  l’n|mr  3311,  Dnnnmlmr 
11144  AMI’-B03  I3-MIII 

III,  A  Ituekel  Night  Called  PAHN,  llmwlnr  Wlillnny,  OKMnr- 

1007,  AMI'  Mlmllnn  131  nml  104,  AMG-G  l'»|H'r  330, 
,lmi.  37,  1043.  AMIMMII.3.MB 

II.  f/n  Ike  V*r  of  a  Pendulum  In  Ituekel  Sighting  /rum  Air¬ 
craft,  llnwlnr  Wlillnny,  OKMnr-1007,  AMI'  Mlmllnn  134 
nml  Hit,  AMG-G  I’npnr  3MI,  Mnr.  Ill,  1043 

AMIMMII.'JMT 

13.  Thr  Trnn*ienl  of  n  , Slagle  Gym  Niyhl  with  Plied  Nrnai- 
liviig,  llnrry  I'nllnrrl,  t)KMnr-HI07,  AMI’  Htmllnn  134 
nml  140,  AMCi-G  I'»|ht  400,  A|ir,  34,  1043, 

AMI’-fl03,l-M33 

10.  Parmnla *  for  Trajectory  Prop  and  Plight  Time*  fur  the 
fl.ti‘  US’ Alt  and  the  ,1,h‘  AH,  Irvin*  Knplmmky,  OKMnr- 
1007,  AM  I' Mlmly  134,  AMG-G  |*»|M*r  414,  Mny  10, 1043, 

AMI’-OOa-M# 


GONKJDKNTIA1, 


... 


IHIH.ItlCft  AIHIY 


U,  ttmnrk*  im  Shi, I  in  „  htthln  Plan*,  llmt«li.r  W|,|!(mVl 
OtiMar-IINlT,  AMP  Hlmliius  124,  Nil,  I  AM,  mill  1(11, 
AM(l.r  Mh.v  IM,  MM  A,  AMlMllll.il  Ml!) 

!A,  AHiprUm  /ill-  r«/ifc, l1  (’MS,  livliix  Kiijil/MiHkv, 
OhMar-KIW,  AMP  HI  inly  124,  AMU-I '  IWr  430, 
Mn,v  1KI,  I  IMA,  AMP-A02,I-M24 

1(1,  KrhUinn  hrlurrn  Sknl  mul  hnrr*  Pvi')irmli,nlnr  In  Ihr 
I’lmu-n/ Si/ m mrl rtf  nf  m,  Ain  rnfl,  Dm,  ZnlliiKk.v,  llOMm- 
HHI7,  AMP  Hlinlhw  124  mul  lAii,  AMU-C  i'f|>M.r  4110 
,l1"1"  •’  ll,4ft  AMP  AtH.H-MA 

17,  Thr  V r n Jertm n  lhn,i  nf  Air, •raft  Kmrkrl*  itl  Shut  I  Km, mu, 

IIhmIi’i’  Win . .  OKM-r-MKir,  AMP  HI  inly  |24, 

AM(J*I*  I  *n  jm*i‘  Ml,  1I11110  2,  I  (HA,  AMIMIO.'I  \|4 

IM,  I'riiiinnii/  i,f  1 1  Krlrnn  (•, in, Hit, in  /,„  Tinmiiifi  II  nr  h  In, 

1  »'">"l*l  p  l.lim,  (IKMhi.IIHIT,  AMI1  Hliiilv  Mil,  AMU-C 
I'|||MT  4  lit,  linin’  A,  I  IMA,  AM  P-IIOfl  |.,M| 

III  A  Kin, ink  1111  Ihr  Kffnt  nf  Hnnklliii  ill  III,  llinktl  Sifihttiili 
I'lnhlini,  Hum  Pullin', I,  » >KMmi- |in>7,  AMPHlmlv  I'il, 
AMlI-l*  l'n|i"i  i:m,  Jniii'  II,  IIMA,  AM P-OHI.'J-M  In 

30  VVofA'i  mi  mul  Ihr  hir  I  ’tiiilrnl  l‘r,Mrm,  ||n».l«'r  WIMt  nm 
IINHI)  AilMII,  M111M  IM,  AMP  Null' ill,  AMIM-, 

Iw'r  ,,MA  AM  I'-AUI  ii-M'Jl 

3 1  'I'hmru  i,f  lhw,hiiifi,  linn,  I'nllmil,  IISIIM  mill 
j)KM«i-HKl7,  AMP  lli'ifi id  HUH!,  AMU-C,  Hi'|ii,,m' 

l,,,A  ,  AMP-hIM  A -Ml'i 

ay  Tin-  C„  „/  11  i’,„'  Hu,,, 1,111,1,  ||„u >  |,,,||„i,|,  |||;m*i- 

l»KI7,  AMP  Ml, I, Him  III!  ,,|„|  |  IV I ,  AMU-I  ‘  PniH'l  1 1 1 

Hir  an,  mu  AMp.Niia  a-m  i 

aa  hnimihli,  I  'mi/ ill  ,„  f,m  l(„rlt,  1,^,  1 1, ,||,| |,|  || 


OKMm'-HKI?,  AMP  Mlinlv  MU,  AMU.U  Puhni  40!, 
A|if,  III,  IIMA,  AMP-lilHU-Ma 

34  A  S ii,ni,,il i„„  /,„■  I  'iiiitmi  MnmrrmrM  0/  Skill,  Irvin* 
KitiilftiiNky,  0!<!M«i-I(K»7,  AMP  Hltl.ly  Nil,  AMU-C 
rHjii'r  4714,  .Inlv  III,  IIMA,  AMP-AIR!,  14  Ml ! 

2A,  A  Mniiijhtl  Kiln, Vmnlilim  for  Tim  Hombtny,  Hurry 
Piillnnl,  UKMnr-ltNir,  AMPHtmly  141*,  AMU-C  IWr 
4711,  An*,  *,  IIMA,  AMP-KUll.A-MII 

3(1.  I  hi  Ainintlk  I'nihlt  in  in  T  w*  Hmithini),  flurry  Polluril, 
OKMHr-l(Kl7,  AMP  HI  mil, -a  1411  xml  104,  AMU-C  IWr 
4UA,  Mt*|»l ,  IN,  IIMA,  AMI'-NUI.A-M |,'| 

27,  ?  ti**-H,„„l„„l,  „  ,1  l„vi,i„  Turn, 'I,  Hurry  l*„llnr<l,  OKMar- 
HN>7,  AMP  Hi  mil, «  Nil  m><!  1114,  AM(l-r  IWr  AIM, 
r’  ,l,  w'  AMP-MIUI  A-Mll 

2N.  tirnnti,  Dr,,,,  in  „  Tim  r„„t,,ni„ni  h„hlm  Si, /lit,  IrvIllK 
Kii|,Ii,„hI(v  ,  <  I  I'M  m|.  1 007,  A  Ml1  Hluilv  llll,  AMU-I) 
l'"l»i  4211,  Mn.v  .'II,  IIMA,  AMP-A03,i;i-MIH 

211,  I’lir  I  'nr  if  Kmtn<  Kill ,  „  AVyAtr,  linn  Si„hl,  IrvliiK 

Kiiplnnaky,  OKMm, -11X17  AMP  Hlmlv  104,  AM(I-I) 
Phim’I  4 All,  .Inn,'  .'III,  IIMA.  AMP-AIJ!!,3.Ma>( 

.10,  N|  Hu,,,,,  I'li  rii  mill  „i  I'l'SS,  f  Pint  I J,  I,.  ( 'lull  |*>h  I  lilt, 'll- 
ol'!M*r- 11X17,  AMP  Hlmly  Oil,  AMU-I'  IWt 
-llll ,  July  17,  IIIIA  AMP-AOJ, I-M2N 

ill.  N "I, »  mi  1‘iniinmlir  I’I'SS,  t.|»Nr|  ||],  Knh  iif  t'limli 
I iiiliruiiii,  I,,  rimil.'H  H111, 4il, in„„,  I H'iMitr- IUK7,  AMP 
HIimI.v  llll,  AM>l-r  I M | «.  1  |7N,  Any  III,  IIMA, 

.  AMP-AU3,  |.M>'I() 

,12  An  liilr»,l,i,ii„„  1, ,  //„,  Annlniiinl  /V/ii,'o,/,‘«  nf  l.nul 
I ',,111, >„  liny  SiiiIiIh,  Nmimlci"  At  ltd  ./■■■<>.  DSHD  4i);i7, 

>  •  I)  M -1  - 1  IN  17 ,  AMP  Mi'iii,,riiii,|iiin  AA.IM,  AMU-I’, 
M,,r  i,i'  AMP-AUHil-M'il 


I'AIIT  III 


I  ITU  Kit  MATUKMATlt'S  1‘AXKI.  KKl'nitTS 
■Wit  MKMliKAMt.l  it\  smith's  UK 

ASTIAIKt'K  \h'T  KQI  II'MKST  11 

AMP  Study  Mi  T»«t  Klrlng 

I  .Imi/yn,*  lyfTrinl  h'in  Milhnih,  I  llrmiiU.iK,  I  Pmil.mi, 

nml  .fiimcM  ,1  NhAt'i,  IIHIIH  lAan,  III  Mm-UIA,  III, Mm  .  7 

HHI7,  1, ml  1  U'iMwr  MIN,  AMP  H,|„ni  2'2  III,  AMU  I', 
AMH-NYP,  mul  Hill l-> ',  \, iv, 1, tin u  lull 

„  ,,  SNIP  7(12- MA 

J  Mrlr, trnl, ilti,„l  /,«,  ,  \  ,|,i|M|  p, ,,f  ||„,  \M||V 

UnliiMii,','  lh,|, mini, 'in  mu|  ||,„  Himml  r,,i|,-i,  ,lm,„»  ,i  N, 
Nl„lu,r,  (l|,;Mm.|(HI7,  AMP  Miim,rmul,i,n  32, UM, 

AMU-I H,i|il,,,iil„.|  ||H;t.  AMP-.7112.M1 

AMP  Study  Mi  Mumlr  Velocity 
•'I  l"  Sl»»<  K n 'I !l<  nf  Ihr  ’Hi-, nm  </„„  ,„ 

Knmr  in  h'rliiiinliii,,  \l  1,1th  I ', /,«,()/,  li  Hrmiiln,||(, 

!■  Pm, Is,. II,  mul  .lmm<3  .!  H|i,k*>r,  l  Nil  1 1  aiiAll,  ()|  ;M«r- 
IINI7  mul  OKMnHUN,  AMP  ll,<|»„l  24  lit,  AMU-Cmul 

Hlill-C,  . . .  104,1.  AMP-7111111. M2 

AMP  Study  Mi  AA  Hr*  Control 
4  A  HiMi„„rni,hii  nf  A  A  Ar/HIrr,,,  Umili  l  C 

Ui'iMxr-lUO",  AMP  M,'i,i<irmi,iiim  2A2M,  AMU-I', 
H,‘|.HU"I,|.,  lull.  AMP-7UI-MI  ,, 

A,  Snpiilrinriilmn  IUIiliii„ml,h„  nf  A  A  Aihllrr,,,  Huuli'l  U, 


II. 


Ill, 


III 

N'\vl«,  U|',M»i-|ihi7,  AMP  Mi.|it„r„iiil,iui  2A.IIM, 
AMII-C,  .Inn,'  miA  AMP-7UI-M2 

1,  Thr  Ami  in,  a  n  ml  Kflrrtmitrn*  nf  Antinirmtfl  h'irr, 
l>mil,l  C,  l.tvvlM,  U|.;,Mm-l(HI7,  AMP  Muiimnimlum 
2A  IM,  AMU-C,  Ui'lulK.r  IIMA.  AMP-700-, M'2 

AMP  Hiurty  Mi  Airplane  Conn*  tlala 
I'll,  ilnlhriiniliriil  Thrmn  , if  Ihr  limit  Mini,, I, in  Kmin<’, 

l':  . . I  Dm, l»l  I U  uIm,  11HIID  IiHII, 

U|;M»i  IIMI7,  AMP  II,.|„I||  211  III,  AMU-C,  ilulv  I, 

'"i"',..  J  AMP-7li;i,3*M2 

AMP  RHidy  4li  Htarto  Movlai  of  Tracart 

Tnurr  '<1,1;  |)i,l,l|.|  (',  Imwlr,  OHIII)  1121 2, 

"KM-.-IINI7,  AMP  II, 4, 1 11I  4AIH  AMII-C,  .Immmv 

AM  P-701  A-MN 

AMP  Study  Mi  Study  nl  Puaa  Daad-TIma  Corrae- 
tlona  In  AA  Dlrssior 

Tin  hrihriini,  „f  A'„„,  Srllii,Hl  V.  ,1,  Miirmy  mul  Arthur 
Hi, 1, 1,  OHIII  I  IOA7,  0|'!Mm.|IKl7,  AMP  Ht<|„i,t  NA  I  li, 
AMU-I ',  A 1  >k  1 1  >  (  lull,  AM  P-71 14-Mil 

On  Ihlil,,  |,  17. 

Thr  Smmilhin„  Kjfrrl ,(/  ,1  A'„!/„i,.-„/,  Mnhm,  Arlliur  Hnnl, 
(’KMhi. IUU7,  AMP  Muiimrniuluiii  NAIM,  AMU-C, 
ih'imur  l!"A,  AMP.7lH.Mia 

AMP  Study  Mi  Curvad  P'l^ht 
Krt  it, /mint  nt,\  h„  /,,,!«/  Sqmtnit  11  >ilh  A  ,i  ill  in,  I  inn  In  A  A 
tin  1'imirnl,  |)mil„|  C,  |,„w|m,  IlKMur-lllll?,  AMP 


(ONrihKNTIAI, 


2m 


IMIO.IOOHAPHY 


Momormiilmn  (HUM,  AMO-U,  I'ohrumy  I  IMA 

AMI*-7<IU.(I-M7 

•  3.  On  Ihr  KjHrim'y  if  Ihr  Cunml  Hliyhl  Ofmrlnr,  JYiittlcM 
(1,  I ()ICMnr*IIK)7i  AMI*  Mutiiomiiiluiii  tHi,3M, 
AMO-O,  He|itooihnr  I  IMA,  A  M  l*-7(  W.Vi-M  III 

I3(i.  I  hill.,  |i|t,  IH-'J',;, 

1 31 1  ihiih,  |i|i,  111-14, 

I3n,  I biit,,  fi,  HA, 

I3tl.  I  but,,  |i|i,  41-411, 

I3(i,  Ihiii.,  |i|i,  IK),  4A, 

AMP  Study  llli  Analyale  of  Curved-Flight  Data 

III.  A  iinlynU  if  Crrlnln  Dnln  /rum  Ihr  lirtt  Trlrfihmir  Tuliuin- 
Inrirn  mi  f'nrml  Hliyhl  A  A  Ohirlm*,  Komiolli  .1,  Arnold, 
ONM.r-IIIN,  AMI*  Momommlion  1/41,1  M ,  MltO-U, 
Mamh  IIIIA,  AMI*-7lM.3-MI4 

Other  AMP  Paper* 

H,  All  Ktinmiliiiil  nf  Winirr"*  Vhrnry  if  I'nilirliun,  Nmiiimi 
U'vlnmm,  IIHItl)  Allan,  Ol'IMnr-liiHt,  AMI*  Nolo  30, 
AMI (-11,  Juno  HUA,  AMI'-III-,M3l 

IA,  7  Ac  Cmiikiunlhw  iif  a  Htwilunt  mill  o  SyMliiiuih,  Krrnr, 
Ail  Inn  Hiinl,  (  1|<:Mmi-I  IM)7,  AMI’  MoHiormuiiuii  lul  4M, 
AMO-C,  Ho|iloni!M>r  IIIIA  AM  I’-AII'J  I  ll-Mil 

I  An  llnil  ,  1 1|  i  7  111 

III,  Ht-ntilh  Ilf  II  Hirmil/nihllimi  if  Si  nil  I  Hmlnnlinn  Tnl  Ihlhl, 
WhIIhco  IIIvoiin,  OKMmOiWI,  AMI*  Mnoim'iiiiilitiii 
IIMI.IM,  AM(|-\,  Hoploiolioi  |  tel  A,  |i  III 

AMI'-AOJ  I  ll-MIO 

17,  O/ihiiiiiiii  l)i*)wr*inn  fin  iVimc  Tiiiril*  if  i i  //•,*»,  Arthur 
Mind  mill  H  l„  Hh'iiIii,  OIOM10-IIHI7,  AMI*  Mi  1110- 
millllllM  INN  IM,  ANKI-C,  Urliilloi  HIIA 

AMI'  AOI.3I-MIA 

IN  I 'ninriii  Kviihiiiliiiii  nf  Hiimhir  Unn  Siylil*,  A,  ,\  Adioi'l, 
OHIO)  AH  I,  I  >KM»r-l;i7ll,  AMI’  llr|imi  Mat  III, 
AMfl-N,  .July  IIIIA,  AMI’-AOJ  I  I-Mll 

I  Nil,  Hi  nl  ,  |i|i  A3-AII, 

III  ,1  Mil  11 11  nl  fur  tin  I'nr  if  Oiiiiiiuiitii  I'IiiuIk,  \  \  Silmi'l, 
III', Mm-llt  til,  AMI*  Nolo  311,  AMU  N,  (Idol  101  IIIIA, 

AMI’ AUK  I  Mil 

30,  Miijtn-  II  H.  Miirli  IT*  Siinlii  if  Hu  Ml  Ihiri'lnr,  Arllnir 


K/iril,  I)WMki*I(KI7,  AMI*  Mtiidy  Al,  A  Mild  1,  Opt,  «, 
HM».  AMI*«7(M,8-MH 

31.  Tin  A  wmumt  tf  Onn-Cnumn  Trinh,  Hiillfn  I'1,  Hon unU 
mid  Arllnir  Mind  (Ap|ictiid!*  I,  "ViilnomlillUy  of  Alroruft, 
lo  Mnoliliic  dim  |C|n«,"  hy  Milton  FrlodmmM,  OMM»r- 
11X17  mill  OHMnMIlN,  AMI*  Kn|mrt.  Kill  lit,  AMO-C 
mill  HHO-O,  Mar,  8M,  DMA,  AMI’-AOS. 14-Mfl 

3lit,  llnil.,  |>|>,  17-33, 

33,  Oyrn  Mnnmmnrnl  if  KnMinun,  P.  A,  Minllli,  OKMnr- 
11X17,  AMI'  1-41.11(1, v  Illli,  Knvlxoil,  AMO-O  l’*|wr  m, 
'Inin*  7,  I  IMA.  AMI!-fi03,143-M3 

311,  I, mill  Nhlhilitnlimi  if  C/mrtitiutlr*,  I*  A,  (litltll,  Ol'.Mur- 
IIX)7,  AMI'  Ml  lid, v  Hill,  AMO-H  l'i*|ior  417,  May  III, 
HUA,  AMI'-ADM.I  Mil 

31,  Ifull,  1‘ilih,  iuu>  ('inmliiin  hy  Ttililm,  |{  |„  Munlii, 

OI'!M»i'dlX)7,  AMI*  Hi  inly  Hill,  AMCI-0  |'n|ior  41111, 
'him-  4,  I  IMA.  AMI’-Alt3, 143-Ml 

3A,  Hrmurk  1111  n  Quniliiiii  in  Hritknliitily,  dcingi'  W  Mite  key, 
l)l',M»r-llX»7,  AMI'  Ml  inly  IIX),  AMO-O  |'»|H'r  4HA, 
An*,  ail,  I  IMA.  AMI'  A(W  14  I  MH 

ail  Himniliililf)  if  Smut  I'linrliih'in  liii'mminy  Hir  I'luhaliilili/ 
if  nl  hiinl  Our  Oil,  I <1  >11 1 11  F  IlnniiKlI,  OFMhi  IIIN,  ||o- 
I  "'ll  iH>A,  MIMI-C,  Nov  UA,  Hill  AMI'-Alia  I4I-M3 
'M  Hilnlii'r  T  nr  ml  Miiiinn  mill  Hjhrhrr  iHn/irmim,  Holllu 
F,  Hoiiiioll,  OHMm-WN,  Hi'imrl  ,'IIIN,  HliU-C,  ,lmi  N, 
I'MA  AMI'-AIKl  I  I  I  MA 

3H  Mil Imth  if  Srii'inn  1'mhiiumn  l»tl  A  ,4  Hindurn,  Konuolli 
,1,  Ainolil  mnl  A  II,  Itmvkor,  OKMm-IIIH,  AMI'  Mindy 
IAI,  HIH  M  '  IV|H'r  A37,  July  A,  MM/4.  AMI'-7(1H,3-MIA 
ail,  ,4  ll'nrmitp  Aliniil  Sliilinlinil  K.llwiriicy,  Joliii  W,  I’nkoy, 
IHMni-HIiiA,  Mcmiirmuliiiii  17,  \Mfl  l',  Foil,  an,  MM/4. 

AMI'-ai-Mil 

lid  M 1  limit*  fur  liim/iiitmn  Summit  I'nilnilnlilir*,  ||  ,|, 

UrooiilnuK  mnl  W,  l\ii|iltin,  llo|ioi(  Nll-i,.luly  MM/4, 
llllii  llnil.,  |i,  A 

II!  Tlir  l‘iiilmhilitii  if  S ml' ivnl  nf  11  Vn>wt  mi  Any  r  nirnr, 
H'foii  llir  ,1/iiwi  I'liinl*  <f  1  III Iinrl  mill  Ihr  , Ininl  Oinlntnu 
Inm  if  Ihr  Krrnr*  Dm  In  Tiiirkiny  Am  Knmvii,  II  II 
Mmiii,  lli'iiorl  NH-3,  July  IIMA, 

'•a,  Kirtn*  ill  Auli-Aiimfl  filfl'mitriit  Wilt’ll  till  Tniyrl  in 
Mniiriii'iiiiiu,  Id'll, ill  Ml-K,  NuvoiiiIh'I'  IIMA. 


Ulni|Mor  II 


AMP  HHI’OlfTS,  Mh’MliH.WDA,  I  SO  MiTh’S 

I  PrnlHiInlily  if  lift  liny  11  "Twin  h'numr  Airfihuir  with 
H Mil-mi  AA  Fuv,  I'i,  I'milxou,  I WHI)  IHAA,  llliMnr-IIIN, 
Nnvy  I'ldjocl  NO-IKI,  AMI*  H(|mrl  ll  lll,  Hllll-C, 
Fi'hnmr,'  HH'I  AMI'-Adl  13-M  I 

'J  liirrrit»r<t  Hi*h  111  lixlrmliny  n  llnmhiny  Hun  (unit  Stiy- 
lilmriillnA  Ml'  Hr/inrhi.lH),  W  \  H'mIIIn,  OHIl I  >  IIIHU, 
AMI'  Hi'imrl  0. 1  It,  mid  OMItll  IAN7,  AMI'  llo|«nl 
H  alt,  MIKM Jmi,  3H,  I  HIM.  AMI'  7llA,  l-M  I 

II.  1‘rnhtihihly  Ihlll  11  fly"  Hwkrl  T'irril  frutn  A*lmi  will 
l)r*liny  11  Twiii-Hnyii.i  Hmnlirr  ,/  u.V.y,  11*  y 
if  t'nini  nf  lliir*),  M  III  mi  I'liniliiimi,  OMIIII  4  (All, 
IIFMxNIIN,  AMI*  Hi'imrl  31  lit,  MIUM’,  July  IIM  I 

AMIMMIA-M3 

4,  Oiilimum  Hun!  Surf  urn  fur  „jl< f  Airhurm  Hnrkrl  Hi  ml 
fnm  A *lvni  nl  Twin  Hnyhir  Ihmilnr,  ,/11-ss,  Mlllmi 


Frii'iliuiiii.UHItlMimi.lll'iMnr-IIIN,  AMI'  Hi'imrl  3i,3||, 
MH» M ',  July  IIMI  AMI'-ddA-Ml 

A,  lijfi  i  lii’rnr**  nf  1 1  ,j*  A  irlmnir  Hnrkrl  with  Hmr  will'll 
Hunt  nl  Twiii-Kiiyinr  Hmiiliir  friim  Anlriii,  Mlllmi  Frloil 
mmi,  OMIIII  IIHIll,  IlKMmdllN,  AMI’  lto|mrl  31  i<||, 
MIHI-C.  July  1 1114,  AMI'-HOA-MU 

II,  t'muimnilih  Kjfrrhmn,**  if  A’  Shrii/mrl,  fn-inw  II  H  nml 
JH  wm  li  lt  A  i)hiii*I  Oimi'lly  Aiifiniiirhiiiy  A  irrnfl, 
Mlllmi  I'Vli'iliumi,  OMIIII  I7IMI,  OMMiir-lMH,  AMI'  llo. 
I""'l  ar  lit,  MIKM’,  AiikiM  III  tU,  AMP-7I>A  I -Mil 
7,  (iimimrnlim  Mjfirliuntr**  if  h“  Hhrntmrl  nml  M  II  H 
A  limn*)  lit  mil  y  A)i(nr.urliiny  Aimifl,  Mlllmi  Frlodmmi, 
OHIO)  ildllN,  OI'IMhMIIN,  AMI*  Iti'iHUt  37, alt,  MltlM', 
3N,  I  (Mil,  AMI’  THA.I.Mil 

K.  Churl *  fur  K*lhtmlhiy  Ntfii rlnl  Numlwr  nf  lift *  on  11 
Oimi’lly  A yyrmirliiity  Airnifl  with  T.T-ihw,,  lilj-mm  , 


(onudi'Intiai, 


KiHMlM.MAPHA 


m 


ami  40-mm,  AA  (hum,  Mill nn  I'TIoiIiiiimi.  me! 
0,  ,!  Htlgler,  OHIO)  MM,  IIKMnMIIN,  AMP  lii>|mrt 
WUK,  HHCUC,  April  1044,  AMP-7MHMI 

0,  The  HrlniilV  Kffretierne**  nf  (’ill thee  ,/Ul ,  ('nhlnr  Jit),  ami 
HD- mm.  (inn*  im  Armament  fur  Mnlli/ile  A nti  A ieeenfl 
Mnehinr  (Inn  Turret*,  Milton  Trleilnmli,  OHM)  WDM, 
OKMuMim,  AMP  11<>|HM(  HIM l(  (Hnvlfwili,  MUM! 
itml  IMlMIe  IlfNeninh  Irfilti tmox-y,  .Immiirv  I04A, 

AMP.7IIA.UM7 

Irt,  l(«l  I  mute*  of  the  i',,1 . nbillly  nf  the  fill)  In  Kiylilrr  A  it- 

emft,  Mllltni  KrlwIiiMiii  OUMnMIIN,  AMP  Minimmu. 
1I11111  UW.lM,  HHCR.1,  l<VI  ir  limy  H)4A,  AMP-AOt,4l-MA 

1 1 .  The  I’rohohitily  nf  Dm, nine  frmn  Henry  Kink,  M ,  M ,  I  )nv, 

OHttl)  AII4N,  ONMni'.IOOiI,  AMP  llepnri  IMA.  I  It, 
AMtMl,  Hi-pl,  I,  IlHrt.  AMP-Wll 42-Mn 

12,  I  Inti  tier  Arm  A  run  ml  Slmnlunl  Hninli*,  Mlltim  I'Tleihiuin, 

OKMmNIIN,  AMP  Mi'Imiii'hiiiIhmi  HM.lM,  H|{< | .( *, 
Aimjimi  I  IMA.  AMP.AtM.4UM  10 

I  A.  The  1‘niiiiitntilji  nf  Ihininyr  In  ,1  ieeenfl  Thrniiyli  Anti- 
Atrernfl  Kin  (  The  Ih/irmleme  of  Kffertin  nr**  nn  Shell 
Krnyiiiriilnlinii  (’hnriirlrioUlh*,),  II  ||  liHneiiulj  pn<- 
I'iiwmI  fnr  pulillenlhni  I  iv  II  II  (  'ii|  viii,  (IHIIIi  AINU, 
AMP  Null'  III,  AMP,  M 11  v  I  IMA.  AMp.AIH.4SI  Mil 

mimsii  it Kh tiers 

H  Krili/ineiiliilinii  11111/  tin  ('Inline*  nf  I  to  uinyi  In  Airernft 
from  A  A  Shell*,  K,  H  IVnnmii,  (Will!  A\  li'l-IA,  llepuil 


H,  Kxlermtl  Hiillliilln  DupmluimH,  Onlimmu  Mututi, 
Own  ItrllHlM,  April  11)40,  AMP.WH.42-M I 

I  A,  The  (’Ini  nee*  nf  ihnnnye  In  Atrernfl  from  A  A  Shell*,  A 
(ienemlitalirm  1  if  I'mHnu*  Mellon  I*  nf  Snlnlinn,  II  l„ 
Weleh,  OHIO)  W-IIH-IO,  1I«!|mii'4  3.1,  Kxlermil  HiiIIIkiIim 
Dt'pnri until  1,  Oriliiinimt  llimnl,  CJrwti  llrlpilii,  Auk.  N, 
1041.  AMP.A04.42.M8 

imiKK  (tSHI)  ItmWTS 

III.  The  I'rnlinhilily  nf  Dntunyr  In  A  itrrnft  Thnmyh  A  nth 
Atrernfl  Kire,  ,4  Vmn/mrimm  nf  Knie*  whim  I  Uni  A  ynin*l 
II  iyli  I, reel  Hmiilier*  A  llnrkinu  a  (’nneenlrnlril  Target, 
(liHTfll  Itlrklmlf,  Will'll  l<\  I Ih vli Ini m,  I),  II  lugllN, 
M,  Mhiw,  .I11I111  vn/i  Neinnmui,  uml  Wmtkii  Wi<HV*r, 
MMII1)  7.1N,  July  III,  1042  AMP-7IM.MI 

17.  Kt/irriinriil*  on  the  Tiilurrnlhlity  nf  M Hilary  Atrernfl  III 
// 11/I1  •AV/i/iuicr  Shell  Krnymenl*,  Hrpnrt  Shi  nf  Seelimi  T, 

1  >HII  1 1,  Hepieiuliei'  lul  l, 

AIISIY  II  ms  HITS 

IN.  Kink  ,| iinly*!*,  Tei'luileiil  Mmuiul  I-2IXI,  Wnr  Di'piirl* 
111**111 .  Muy  I,  Mill 

III  Kin-main*  fur  the  h'Jfnl  nf  A  A  Kire  Ay»in*t  nn  Kiwiiiy 
.hr/iliine,  M,  Miirw*  11  mi  W.  II  Timiini,,.,  1 1,.| „ hi  ;in, 
Ti'i'linii'nl  I OvInIihi  IIiiIIInMi*  Heel  I, iii,  4  tillin'  nf  i In-  Chief 
nf  Ortliiiuien,  July  Mil  l, 


I* AIM’  |\ 

<ltu|il«*r  12 


1  Thniry  nf  Ilium*  mill  Kennnniie  llilnteinr,  ,1. .t,i,  v,m 
Neiiliuiim  mill  11. knr  Mui'gi'ienem,  IVlnc.ii  11  Ti,|. 
vi'InIiv  Pie..,  Mil  l 

2  k,n  Sill-  III  Tin  ue  11  Mnlhi'inilliiini  ill  hi  I  mill  /mill  In 
I'"',  v,  Vnllemi,  I  huillilei  VlllniN,  purlN,  10.11 

8,  Klrnieiil*  nf  I'liynnill  Hmliiyy,  \  ,1  l.nlkn,  Wllllmn.  mi.| 
Wilkin.,  HiilMiiinli.,  Mil  ,  HrjA 
4,  Yri  ijleuhini*  Kfiu'iiniimhil  ile  In  Thi'ueir  Miilliiuiiilii/iir 

lie  In  Inille  /inn r  In  l  ir,  1 1  f  I  linin',  |  |ei  nimili  cl  (  In, 

I'm  I.,  loan. 

n.  /  he  I  Illinium  ,1  mm  on  h  um  f*n  the  lleilr  (Ian*  nf  it  llmiilier 
I  *ntllly  Alhlrkril  hy  n  Stnyh  Knyinr  Ktyhlet,  ,1,  Wulfn- 
wlU,  i(PM«i-l(Nin,  AMP  Meiiiiiriiiiiliiiii  3. DM,  HIKl-t1, 
N'"V  0,  Mil'.'  AMP-AUI  I- Ml 

II,  Limy-Hiinyi  I Vinlhee  Kiireeimhny  fur  Military  l‘ni/ni*r* 
(I'iiiIn  I  mul  III,  AMP  Hep, ill  I, III,  HIMJ  P,  (hinlier 
Mllil. 

II11  Ih  11I ,  Purl  1 1,  p  T  Mm 

7  I  A ’ntr  mi  ('irlnin  A*/irrl*  nf  the  Mellmilnlnyy  n/H/niu- 
tinmll  Hr *111  eeli  (  I'Mii'Iuniiic  in  N„vnl  Atlul'IiA),  P,  M,  N, 

Hlnek.'ll,  OHIIIl  lief,  Nn,  Imitu  M-7HHA,  Imml.m  ||n- 
pnrl  2177,  Muy  MHil, 

N,  "Alrwiifl  In  Wurfiire  The  Ihiun  nf  ihe  1‘iiurlh  Arm, 
V  The  Prllielple  nf  I  'niieefilrnllnM,"  Pieileilek 
Wllllmn  l.miehe.lei,  Kuytmeriny,  Vnl  ON,  (lei  2,  1014, 

I  ip.  422<2A 


II.  ,1  Qininhliiliee  A*inrl  nf  I'nnihnl,  II  O  Kin, |, limit,  I  INK  I ) 
IN7I.  (M';M»r-IH07,  AMP  Null'll,  AMH-C.  Aiikii.I  MUM 

AMP-000-M2 

IK,  Tin  Mnllnuiiiliiiit  Theory  nf  ,|iV  t'nmhnl,  I  Ml' 
CiMiiilnuhii  in,  I  IHIIIi  II  A  11(42,  (Ire,  0  Milinlii  |  I'ehnnirv 
1001]  \MP  Mil  I  M2 

11  In  ,  I  inily mi*  uf  the  I’rifuinmnrr  of  11  Keeiit-llan  Ktyhler, 

\  1  meil  with  f Inn*  n,(  hijfneiil  I’nliliee*,  in  Sltiylr  llnnir- 
ll'feime  I'ninliill  noth  u  Til'ili-Nnyiiir  llniiiher,  I,  ll  I 
CiiiiiiliiKlimu,  I;  li  I  nrnlnril,  \\  IIiiiI.n',  mill  ,1  Kmn, 
IlHIIIt  WA-ilN'MJ,  NWA  Pii|m'|'  I,  Air  Wuchire  AiiiiIvnIn 
He, ul, m,  <  I  * .  Ill'll  nlii,  I'Vltruiiry  MHO,  AMI’AOl  HMl 

12  tlntline  nf  t  /I, ,,,„  1‘n/iri  *,  M I  li  nn  l''rh*ilnmii, 

l(HIII)  IIIAO,  HKMni-OIN,  AMP  lle|Nili  2.111, 
HUIUC'  Aug  22,  Ml  12  AMP-AlH.UMH 

IM  Tin  Mulhemiiliivl  Theory  nf  Air  I'iiiiiIhiI,  (IHI!|)  1021, 
U|:Mn|.IHN,  amp  II, 'purl  2  211  Hill  M  Aug  UK,  (KI2 

AMP-Alli  HM4 

II  I 'um /mi  ill  lee  Kjfeelimu  **  nf  ./ill14  „ml  Jt  Inn  III.  Kiylilrr 
A  iiitoimnl  A  1/11111*1  A  Twin  Knyliir  llumhrr  feiiin  A  •leni, 
IIHIII)  87(11,  HiaUNHH,  AMP  Hepurl  U  AH,  HHH-C, 
M"V  Mill  AMP-AIH.-I-MN 

IA  lln  Ih.-  Iliiiimiwi  .Ini  111 11  nil  tun  M  (finer  for  1,  Kiylilrr  ,!  /  • 
Inekinu  n  Miillt-Kiiytiieil  llniiiher,  ,1.  W,,lfimli«,  l)KM*r. 
IIIN.  AMP  Memurmiduui  11  1  I M,  HIKI-C,  |)„e,  20, 
1012,  AMI'-IHIO  2*M  I 


(ONl-’l  DI-INTI  Al. 


_  , 


. 


Hlfll.KMifUl'in 


1  twwiiitiirwiFWMniwwi 
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10,  Itjillmuin  fnlrrmlnthn  nf  A  iniinu  M»l  Ih'ajirrainn  Krrni'a, 
,1  Wiilfiiwlln,  OKMur-HIN,  AMI'  Mmiinmmlimi  3,  MM, 
HUO-C,  .Inn.  HI,  1IM3,  AMP-AIM, l-Mli 

17.  Thr  O pH mom  iiihmlnlttw  Hrlwrrn  dim  imil  Annina 
t(mm  ujirn  Srm'til  Mint*  nn1  Tim!  Trout  Kwh  Cnailimi 
nf  Aim,  AMI’  Mdiimmuluni  3.I0M,  HIUCC,  .lnnt<  MM3. 
IN  kmhinlinn  of  Cnmlml  nml  Kjfrrlitirnraa  of  A  ir  dprmh tin* 
in  Tnrifir  liman  A  mi  Ihrimyh  tA  Trhrnw/i  I'ljA,  lli'nini 
0,  AAP  I'lvnlmillim  Hum'll,  Piirtlfifl  Onmiii  Aivii,  April 
IIMA. 

Ill,  ftlimiiciy  mill  IIuiiiIiIok  TimMim  nf  H-3H  I'Iiiiick],  Trnjirl 
A  CAW,  liitllrlina  /-/.If,  niiii|ill,’il  liy  Mi'i'rlll  M,  Pliiuil, 
OUMw'-liWA,  Hurvlro  Pinjni'l  AC-03,  PC  If.  AMlI-P, 
.Inly  I1H4  I'nl.i um v^’TtWA  AMI*  AIM, I  MM 

'JO  Ti»h  Trtolnl  In  lln  lltfrua,  iiml  Tort  uni  I  «t‘  nf  tlir  H-ill, 
l(  K  ||(i|r>i>r,  Ml'Min-l.'IIHI,  Hmlw  I'li.jiMM  A( '-Oil, 

|(opntl  I’NM  AA  TIPI,  I  nlvcrullv  nf  Nnw  Mml . 

Nuv,  IA,  lull,  AMP  /Mil  II  Mil 

'Jl  liiiimnl  Traill  Ilf  llir  II- /II  I'rntriil  Tin  C  iiilinl  S/ialrm, 
VV  I),  CniRld',  ( H  'M«r  1300,  Hd'vO'i'  Prujed  AC-03, 
Hi  |iuii  I’NM  AV  THA,  I  ulvd'»lly  nf  Ni'»v  Mi'ili'u, 

Inn  1,1,  Mil,’.,  A  Ml', Mill, V  MU 

V!'J,  Kjpi ruin  ultil  llliai mill, ma  hi,  ii  Tiuliln'a  Alublfi  I"  Ahum 
luill  ii  Ciinaiatnit  Ann  llmiiifl  Attni'ka  hii  llplli  Sprul 
Itilillhil'a,  II  I  llulitl'l,  I  II'MhI ■  I.IUII,  Ki'l'Vli‘1'  Pl'ojl'd 
AC-03,  II n| n ill  I  NM  AA  Tllll,  I'mvi'iwiiy  nf  New 

. .  I  VI'  II,  IIMA.  AM  P  ,VM  I'M  IN 

/II  Tr/tiitilii'iililll/l-lli  Ii  iiiiiiii  it  Tll)htrr  Allilil  I'iihmh* 
A/imual  ii  II- “f  T  /.minin.UI  M  -i  - 1 MMI,  Hoivli'i'  I'rnj 
I'd  AC-03,  lli'|n, n  I  NM  AV-33,  I  nivd-liy  nf  Niuv 
Mi'hIim,  \  |  it  if  I,  |  IMA.  AMP  API  II  Ms 

'/I  ,1  ii  Al'll-A  fiat  mill  Mirk  IS  (h’-IAl  Sli/lil  in  It  1 1  In 

ml  ft  S’n.  .}/■)  .Mu/, in,  II  II  Hunilitnim*,  Ul  IMu-PIOII, 
Sdvli'i'  I'rujcd  .AC-03,  ll'i'nn  I  NM  \\  -H I ,  IiiIvitnIIv 
nf  Ndv  Mi'Sli'n,  \  |n  ill*.  Ill  I, A  AM  I'  All/  13-  MIS 

3A,  /I  ,W ritual  nf  A  nilliiniiil  A  inn!  linn  I'liiiirni  him  II nanl 
nil  I  'a  c  nf  Ihaliinl  l/ifui  tin  I'm  ilia,  (I,  T  |*|'|»I||'1 1 1 1  !M«r- 

IHIKI,  Hdvlii'  I'nijd'l  U  ' -Ii'/,  Hi •  | n ii  l  I  NM  AA'-il3,  I  nl 
vi'iNlly  nf  \i'«  Mdili'n,  Apr  II,  IIMA  SMI' fill'J  I  I  M7 
ail  Stint n  n  ,(f  Ihfrnaii'i  Tin  I'niri  r  nf  T>n  million  nf  I  iijilniira, 
Till’ll  It  i  inn  I  mi  Ciiiltiilrl  (IN, Mar-1, ISI ,  Nd'Vler  Pmjed 
\(  -03,  Mmml  AVI  I*"  ill  Ulwi'ivnlniy  nf  llir  <  'n  i  ni'Hli' 

I  iihI  II  ill  Inn  iif  AViimIiIiii/Iiiii,  Auk  ill.  Mil" 

AMI'  AH  I  y|-M  1 1 

37  (iilimil  ilrai  n  pi  inn  nf  lln  Mrllnnl  nj  Sliltl/l  nj  Ih/ruaivi 
Tin  I'm i'ir  nf  Tiirni'iliniia  nf  II  'll  I  npltllira  Hr null 'nnn  I 
mil  III  Mniinl  II  l //cm  llliarll'tllnri/,  /'naill/riin,  I’lllifni  lllil, 
Ul  Mil'  IIISI,  Neivlre  Plujed  AC-03,  Ti'i'lilili'iil  1 1 |  n  HI 
II,  Mniin!  AA  limn  I.iiIhH'iIiii'v,  UiU  17,  IIHI. 

AMI'  MM  31  Mil 

UN,  Till'  Mrllul'ta  iif  SI  ml  ii  nf  n  Stimuli  nn  nf  till  fin  I  iiplnma 
( I'ri'llinliiiiiy  lli'|ini'i ),  UI'.Mhi- IHOi,  Td'liuli'nl  lli'imri  7, 
Mniinl  VA’ I  In  ill  I, ii  I  ii  irnli  irt',  I'iihmIiiiii,  I'nllf  ,  Ih-c.  II, 
IHII  AM I'  -ilM  Ul  Mil 


30,  Aunli/aia  nf  Tim  I'nwrr  nf  rt  rt-fll  A  iijilnni1,  ( )l,M»l- 1  IIS  I , 
Hcivini,  I'rujnct  AC-03,  Tdilinlniil  Hi'|inrl  I,  Mniinl 
AVIIhiiii  l.nli'imlniy,  I’lnitildm,  I’nllf,,  Hnpl,  III,  I  (Ml 

AMI* -AIM  31-MI 

30,  A  mil  pain  if  Tin  I'litntr  nf  n  Nqnmtnin  nf  Timr  T-iU  Air- 

ji  In  lira,  OPMuc-l/'IKI,  Hd’vlmi  I'mji'd  AC-03,  Td'lmlciil 
lli'|« ii-l  3,  M < it 1 1 1 1  Wllinii  Inilinriilni'y,  1'iimih lunn ,  Cnllf,, 
Hi-itl,  !«»,  IIM-I  AMH-/MM.3I-M3 

31,  Thr  Tim  1‘ouH'f  nf  n  Si/iiin/inn  nf  Tnnr  H-fll  Alrplilltra , 

Slntninni  Miaainn  II,  OUMhMUMI ,  Md’vlisi  IV/jji'd 
AC '02,  Ti'Hiiilunl  Hii|«iiI  ■♦,  M <<iiM I  WIIhiiii  l.iilininltiry, 
PiiKiiildiu,  Cnllf,,  Nnv,  (I,  1011,  AMP-501  31  M  l 

,'13  Tlir  Tim  I'nimr  of  n  Alnilijlnl  Sijntnlfon  nf  Tnnr  li-fll  A  ir- 
Ilium  a,  UKMh  -IUNI,  Hi'ivli'c  Pruji'd  AC-03,  Tt'i'lllili’itl 
II, 'l„,H  II,  Mniinl  AVIImiii  l  i/liuiiilpii'y,  I'l/wuldiH,  Cnllf, , 
N„v,  31,  Mill  AMP-AIM, 3 1  MA 

33,  Him  ivulnnnll  Itranlla  mi  lln  Difriiain  Tn‘r  I'nimr  nf  ii 
Sijinulriiii  nf  Klrvrn  A  iijilonra,  Ol'lMsf-IHKI ,  Hurvlcn 
Pinjd'i  At  -03,  Ti'i'lmli'nl  Hcpiii'i  III,  Mniinl  WiImhi 
l.iilmrnPiiy,  Pninili'iiii,  Cnllf,,  IVIi,  3(1,  I  AM  A, 

AMIV3H.3I  M7 

II  1  Ohai  ii'illiimill  Itranlla  nil  lln  Itrfriiaim  Til  r  I'nimr  Ilf  fl 

Ni/, in, /mu  nf  Tn'rlrr  II  til  Air/ilnnra,  UI!M»r-l,'IHI ,  'IVuli- 
iili'nl  lli'pinl  II,  Muinil  AVI  linn  I  .u  I  n  uni  i  icy ,  PniiuldiH, 
Cnllf,,  IVIi  30,  I  IMA  AMP-AIM  31  MN 

lln  It i  /hii/  nf  llir  I'naiiilriin  Cintfrri'iii'r  nil  Difrilar  nf  It-fli 
Tminniinw i,  Tttdiiidli  Air  Inirtsi,  A  A  I'',  I'Vli,  IA-3II,  IIMA, 
,'|ll.  Aihliliniiill  M  rna  ii  ir  nirnla  nf  llir  Ihfriiaim  Tirr  1‘innri  nf  n 
Si/uni/r.in  nf  Tii'rln  II  /'I  A  liplnnra,  Ol'iMnr  l!WI,  Tin'll- 
iili'nl  lli’pinl  I, 'I,  Mniinl  AVIIhiiii  l.nlnnnlniy,  Pniilildlll, 
Cnllf,  Apr,  II,  IIMA  AMP-AIM  31-MII 

III  /‘ri/iininnr/i  Sluilli  nf  Tmhlrr  Allnrh'a  nil  <i  H-i't,  Ul'iMir- 
IIIKI,  Hd'vO'n  I'nijd'l  AC-03,  Td'linO'nl  lli'pnl  l  A,  Mniinl 
AVIIhiiii  l.nlnnnlniy,  Pninildin,  Cnllf.,  Oi'i .  37,  I0TI. 

AMP-AIM  TI-M3 

;is  ilnrnltini  Slriiflnn  A  lln  ‘ha  nn  ii  It- /H  I  iirrnfl,  f  ( In  M  *r- 
I .'IK I ,  Sen  Ini'  I'mji'd  A(  '  03,  Td'lililnnl  llnpnrl  II,  Mniinl 
AViIhiiIi  l.nliiiiiilniy,  I'lmiildiii,  Cnllf,  ,lnli  30,  IIMA 

AM I'-AU'I  II  M  l 

30  Nmlmlliiili  nl  Tilth Irr  Allitrk*  nn  H-iU  A  ir/i/nnra,  ()|'!Mn- 
Ills | ,  Td'li|lli"il  lli'pnll  13,  Minim  AVIIhiiii  Inilminlnry, 
I'liHiiildin,  Cnllf ,  Mm  III,  IIMA,  AMP-AIM  1 1  M  7 
PI,  lljfart  (tuna  in  Tifilili  i  ,1  i,/i/niin,  (  (I'IMhI'  I  IIHI ,  Ti'i’lilili'iil 
I  ji'pnrl  N,  Mi  n  i  ii  I  AA'Ilmii  I  ,n  I  mill  till, V,  Pn«iiildiii,  Cnllf  , 
.Inn  I  A,  IIIIA,  AMP  AIM  CM  III 

II  Tinrii nril  In  Tin mnlnlinn  nf  Mtiniifiirtoi  my  Sjirvijlrnliima 
fur  Silnl  /',ii/ii//,iii/*  ( I'liml  lli'purll,  Hnyiumnl  I,. 
Anil'll ,  I IHH I )  AHA  I ,  H>'i  In*  P,  Nn.  0,  Alli'ulntuy  IIiiIIIhIIu* 
l.iilnn/iliii  v,  lllvlilini  II,  Si'i'llini  II,  NDItC,  Nuv  IIMA, 

Dlv  II-IIIV3-M3 

13  /f'lff/t1  /III mil, /I  owl  I, naan i  Cnnurijr'l  mill  Kurin//  Ti/llili  r 
Ai'liml/i,  U AH  lli'pin  l  N,  HhiiiIh'i  I 'niuiiiiiml,  Ud  I,  1013, 


{ 


OSH!)  AIM’OINTKKT 
Al’I'lilKI)  MATIIMM ATK'H  PANHL 


Chief 

Wahiikn*  NVuavkii 

Dr/r.il h  Chief 

Tiiouvrov  C,  1'itv 

AH  Inn  Chief.  Mitv  I  Uhl  In  April  A,  llllfl 


Terhniml  .1  iili* 

U.  II  C'nhVIN 

II.  II.  (  iKIIMuM) 

(’Will  IIAHTINIIK,  .III. 

MVHTI.H  II  K m.I.INUTHN 
MaIIUAIIKT  M  I’lhPh.M 


Mrwhrvn 

I.,  .1  Hkjiiiim 
|{,  Cm  HAM 
il  II  IH;i.hiMii;it 
(I,  C.  K\  AS  I* 

I.  M.  (  >imvi;h 

(».  Vkiii.kn 


Miva  H,  Kkkm 
I.  H,  Hhkoi.nikopp 
I),  C,  Mpknchh 
H.  H  Wii.Km 
.1  I)  Wlhl.lAMH 


II,  !•',  Mr.ui. 

II.  M.  Mohmk 
I’  M.  Moiihn 
II  P,  MiiiiKirrmiv 
All.  Tap  ii 


CONTRACT  NUMHKKR,  CONTIfACTOHH,  ANI>  fUUt.lKCTN  OP  (JONTIiAdT#  CO H  TUP 

APPUNI)  MATIIJCMATION  PAN l,’l, 


Cim  tract 
Number 

OKMnr-444 

OHMsr  oik 

OCMsr  HI? 

OCMsr  HIH 

OCMsr  HIM) 


OCMsr  HI) 

OCMsr  IMA 

OCMsr  IIMI7 

OCMsr  IIMHI 

ocmsi  iiii 

OCMsr  I i)IIA 

OCMsr  1 1170 

34(1 


Name  anil  AiMrt  tm 

_ Cimlmior  ______  .*<»fjte'f 

TIih  Crnnklltt  Inmiliil"  ('nni|iiiiiillnii* 

Plilliit|"liililii,  I’m 

Ti’nlmlpn!  Mvpitintmiiitlva, 

II.  It,  Allot) 


C'nlimililii  I'lilvoixllv 
N'mv  York,  N,  y, 
OIIMiil  liivi'siigiiinr, 

H,  I lnli'llillK 
Ulrwinri 
W,  A  Ill'll  Wiillls 

(!illvi>rslly  nf  (‘fillfiiriilii 
lli'iki'li'y,  Ciillfiiriiln 

Ti'i'lmli'iil  M«i|inii>iiiiiiillvi', 

•I.  Nl’.VlIIIIII 

('nliimlilii  I'mIvi'I'hIiv 
NVw  \ iirh,  N,  V, 
'IWImliwI  I  (i'|  ii'i'Hi'ii  i  ni  | vi*, 
,1  Hi'liih 

I’llni'i'lnii  I  lilvi'rslly 
I  ’i  ll  ii'i'i  <  hi,  N  ,| 
Ti'rlmli'iil  Iti'i  iii'Hi'iii  )i  1 1  vi*, 
H  M  Wilks 


N'i'W  Viirk  I  lilvi'rslly 
New  Vurk,  \  ' 

Ti'i'lmli'iil  III*) iii'si'iii hi | vi*, 

II.  t 'i hii‘1111  I 

Ni'iv  Vnrk  I  liivi'isllv 
Ni'W  Vurk  \,  V, 
Ti'i'lmli'iil  lli'im'si'iiliiilvi', 
II  Cnnrmil 


NImIUHpiiI  mi'llmils  ti| ■(•lli'il  In  iilr  nimluii  mmlysls,  |nr|>"iln 
liii'lli's,  iiiw|iiiiinii  1 1 isjii'i't |i hi ,  riwim'li  mill  iWi'Inimii'iii, 
mill  ri'lninil  |imli|"ins. 


Mlnllslli'iil  nitiilysls  ii|i|illi'i|  In  liiniililiiK  nwi'nn'li  I'niiI'I'NH'iI 
wlih  limlili'ins  nf  IiiimI  mini'  i'l«tirmi<<",  ilm  (liimry  ,,f  |«h Icrn 
ItnllllilliK  mill  till'  IiniiiIiIiik  nf  titiini'ti vorltiK  slil'|is,  mill  ilm 
IlHHiry  nf  liniiili  ilminiKii, 

Mnl lii'iitn i li'n I  mnl  b} i;i |«i li'itl  si mlli'ii  nf  IkiiiiIiIhk  (irnlili'iiiKj 
1 1'*'  iI|i|iHi'iiIIhh  nf  HIM  t'<iiii|itit Iiik  l i'i'l i nli|i h'm  in  sltillsili'ul 
|irnhk'iii»  In  wmfii o*  mmlysls, 


Mlnllsll<>ii|  ini'l linils  ii|i|illi'<|  . . . . ms  (irnlili'ins  In  wiir* 

fmo  mmlysls  mnl  in  (I)  vi'Hlli'nilnii  uf  vnrlniis  Imiik  -rmiit" 
••'"ill III' I*  fini'i'iialliiK  syslnins,  ('J  i  n  sillily  n!  (IN'  "(Ti'l'l  Inlili.s 
»»inl  illiigniiiiM  for  ;  (}|)  liotnt>hig  iiwumry  nt *h lit***, 

mmlysls  nf  Kiil'li'il  niissil"*,  mnl  lln*  iH'rfnnnmn'"  nf  I'l'i  liiln 
fii'ii MmiiiiIiik  ili'vlis'sj  mill  (4)  III"  i<l"nrmn«"  nf  linin'  finlils 
M.v  "*|ili»'lv"  ijutimn 

IllVi'stliiiilliiiis  ||,  slmi'k  wiiv"  lliimry, 


lli'si'iiirli  In  jirnlili'lns  nf  |||i.  ilvimiiili's  nf  i'illii|iN'sslli|i'  Knnns, 
liyilinilyiiiiiiili's,  tliKi mini viiitniiiM,  nrni|s||"s,  mnl  ri'lii'i'il 
|il'nli|"lils. 


<  'nlniiililn  I  'nlii'lslly 
^  Ni'iv  \  ink,  V,  V, 
Ti'i'lmli'iil  lli'i iN'seiii hi ivi's, 

I  .1  M  mill  mi 
N  M, ill, nun 

\  Hiiiil 

IlNittll  I  liivi'isllv 
I'rnvliltiini',  ||  | 
TitIiuIi'iiI  lli'iirimi'iiiniiv", 

II  <1,  l>  It ll'lm "ilsiin 


MIsii'llmii'iMis  slijilirs  in  iiniil'i'inmii's  ii|i|ij|i<it  in  wnrfiiN' 
mmlysls  wltli  "ni|iliii«ia  ii| hhi  iii'ilnl  itnniH'iy,  simlli's  nf  fln< 
''""Mnt  i'i|iil|nni'iil,  mill  nn'ki'lfy  mnl  Inss  In wiiIiIiik 


I’l'ilili'iiis  III  I'lnssli'iil  i|y niiinli's  mill  III"  mi'l'lllltll"*  nf  ||". 
fnrtimlil"  innilln, 


Insllliil"  fill'  Ailvmini'il  Hlmly 
I’l'lins'lnli,  N.  ,1, 

T«'«'lll,ll'„l  l("|illw"|||||IIV", 
.liilm  vim  Nimimnin 

I'l  lni'i'inn  I  'liivi'isll  v 
I’rliii'niim,  N  ,1 
T.'«!miIi»i.I  ll")iii's"iiiiillvi', 
Mi'iclll  M  I'lnnil 


Mimlii's  nf  lln*  |inii'iitliil!il"s  nf  K"iiiirnl-|iiiriHisii  in unpitt Imk 
"i|iil|iiii"iili  mnl  N'si'iirdi  In  slmi'k  wnvc  wm,  |,|M. 

jilmsis  ii|hiii  Hi"  use  nf  miM'liIni'  ci mi |  m t n  I  Inn 


('nnrilliiiillim  nf  m'llvllli's  nnilii  I’rnji'i'l  Ai'-tK)  ill  III"  l'n|. 
vi'isllv  nf  New  Mont)'..,  Cnriii'Kl"  I nsi  n m inn  nf  WwIiIiikInh 
ill  I  iimiiim'Iiii,  i’nliiiiililii  I  nlviTsiiy,  mnl  Hmwii  I 'lilvi'rslly, 


Niii'lliwi'sinrn  I  nlvi'i'sliv 
Cvnnslnn,  III, 

Ti'i'lmli'iil  lli'|iN>si>nliiilviK 
I'l,  .1,  Mnilllnii 
Wnllor  is'lKhlnii 


U 


Hltnlli's  in  imrl'il  Kimnory,  |iiirllniliir|y  l ln>  oniiiorii  nssnssimml, 
nf  Ilm  iM'ifiiiiiiiiin'i'  nf  sight*  mnl  nf  nlriilmii'N, 


V0  jl  fk 
*  C'O^I’TDIONTIAI. 


-■  ■  ,■  A 


--  -  - 


CONTRACT  NUMRKRM,  CONTRACTORS  A  NO  HOIWRCTN  OK  CONTRACT*  (nmUntwl) 


('mtlrnrl 

Numtirr 


(H'.'Mur- 1  SHI 


qjSMUr  ISX4 


oi:m«i  isihi 


Trnimfiw  nf 


Nnmr  ami  A  ihlritu 
<\t  Ctmlmetw 


SiibjiH 


Onriii'giit  ItiHtff iitioii  «f  WhkIiIiikIuii  HIiiiIIi**  mill  «x|M*riniMilnl  liivi<Hll|*mimi*  In  mimwflthm  with 
I’lismlwui,  Cnilf.  ilu*  ilnfimsivn  fir**  |iuwi*r  uf  viirlntm  Iminlmr  fiirtiiHiiomi  hy 

tukulil.  ..f  l,Wlil«ll  ItllllIMM  U'lll,  lltliif  IfllllN  rillllllUflll  llV  Bllllulllf 


Ti'rliiilnnl  tf n I Ivt*. 
VViilmr  H  Ailmit* 


||l(*  m’lniniru  i*m*  jimhi  i  »**  ^  . . . . .  "»» 

milium  Ilf  Iitmliil  |ilmiro  with  tln»ir  mins  ri<|iliiroiJ  liy  mtllitlilr 
linlit  HiHtriw***,  i lie  tulltl  lli'i'  | Kmi'r  IhiIiik  mtlmiitw  uf  III*' 
Ilu  lit  liiti'iisltv, 


lliirvunl  I’nlwmlty 
CimilirlilKi',  Mims 
’IWIlllll'Ill  lll*|irwil*lll  ill  I VI', 
Cliirri-tt  MlrklmlT 


Mlmlm  uf  I  hr  iiriiinliilim  w lilt’ll  (Ini iTtiillli'  III)'  ilyimmin  Ik* 
Ini  vim*  nf  it  imiJi’iMlIi'  imlM'lnn  wiiinr  mill  Hit*  K(i|Slm»tl»m  uf 
linin'  |irltiPl|ihi*  i|imiitltiitlvi<ly  tn  tin*  iirwllrtlmi  uf  iitulrr* 
wntiir  triiJpptnt’li’K  mill  liput'lii't, 


Tin*  Ciitvi'imty  uf  Nmv  Mi'Xlim 
Alliiii|it<<rt|iii',  N.  M. 

Tl*l,l|Utl'»l  Itl'IIIHM'llllltlVI'. 

IT  >1  Wiiilmtiiii 


N nt iiinnl  Mitri’iiii  uf  Htmiiltiril* 


HiiiiIIi'k  mill  i*x|N*i'ititi'itl it!  liivimtlniitliiim  In  imlliilHirnlliiii  with 
till'  Army  Air  I'iwmi*  uf  tin*  must  i*ffi*i*(lvi*  furiimtliiim  mill 
fllltiil  jirnm>ilnn*«  fur  tin*  It  !ftlitlr|ilmii<  Mti!|il:;tsjs,  urluiimlly 
II  f  II  III  tin  tlll*lil*lll  llw  uf  till'  II  Si),  WHK  lilt  IT  villi  HKI’ll  tu  I* 
sillily  uf  iln<  ili'fmist*  uf  tliu  It  SI). 

Ciiiiifmtntliiiis  liy  llii'  Mitt lictiint it'nl  Tnlilm  f'rujnrt  fur  vnrluiw 
nKi'iii'lim  niiirrmnl  ivltli  iviir  mwiiii'li, 


HKUVKW  I'HIMIX T  NHMMMHH 

Till*  llmml  Imlmv  wnrn  li'iuiNiiiliii’il  III  i In*  Oflli*  Ilf  Hill  Mmumllvit  ftinnilitry,  OHIO),  frmn  llm  Wiirur  Navy 

Di'imMiiii'iil.  Ilirimitli  I'ltlmr  tin*  Wnr  H*'|imlinniil  HitHmn  OUlonr  fur  NOIfC  or  llin  Ofllnn  of  Hwmuroli  anil  Inviuilloi.. 
(nirmnrly  Hi*’  CimiiJlnmor  iif  lli'imnn'li  mill  I)hvii|ii|iiiii<ii|  ),  Nnvy  1  >i*| m il 1 1 n< n I . 


»-  it 

Nitwit  .  . 1 

t'riijrvl  S'umhrr  Nittyirt 

AH  MY  HHOJttCTS 


\c  37 

AC  III 
A(  ’  03 

AC  MA 
AC  IIHI 
AC  1 1 A 
ac  iaa 
as  3,1 

CM  ,i;i 
(III  Ml 
(III  I7U 
HI)  IMI 
WMC  :ia 
WMC  {|M 
QMC  Cl 
HC  Ml 
HC  1 1  Ml 
HON  a 


Di'hIkii  iliiln  fni'  I *i hi i Ini r«|i<«r*M  I'lilimlnlur, 

Ml  it  flat  li'll  I  |  m  <1  l|«>IIIN  uf  4*<  II  ill  mi  I  III  Mill  i||||(  HIIIMirill'V 

( 'iilliilii.ini  Inn  iif  ihu  \  |)I|C  wiili  I  In*  A  AM  In  ik'li'riiiiiiliiK  llin  iimul  i>ITi|i,||vii  Innllniil  ii|i|illnnilu'i  uf  llin 

I*  ail  kIi'IiIhiih  (  i'iiiiI  In  ul  iik  Mitilnr  A  AM  I'iuvIiik  (Inmiiil  . . .  Min*  I'nwnr  AiiiiIvmIm  prujunl), 

Aiiiiiyxlo  nf  Wnllnr  Iniliici  Him, 

Tl'mlimik  nil  Ik'Mlili1  KUUni'iy 

Hi  lllly  nf  illllll  lli'IMIIIililiili'il  III  KlKlil  ••  VIiIiiii  I  lull  li'nln, 

Himly  nf  run  rnnmi'ii  Him  "i'ui'Iiik  In  unlur  In  i|nvl«n  n  mui'lnK  ii 1 1| n 1 1 i<r, 

Hliiilln*  nf  IIM  III  ul iii«-k  nil  I ii«*«*Im|i III  lnr|(i<|. 

Clii'i’klliK  nf  livill'imlll1  liililno, 

Himly  Ilf  fiinn  ilninl-llinn  uni'mi'lluli  III  A  \  illt'i'i'liil', 

Hliillmlnil  iinmImi him"*  In  1 1 M'ki'l  |*rn|"<llmil  ln«l"  mill  «|M'i'IIIi'iiI |iiii», 

NihiI.v  nf  min  I  Ivn  iliwii'imiivi*  ulfimi  nf  iimrlmii*  gun  Hu*  minium  nli|il<iiu*  •iri|i<lnm« 

I'ihiiI  HinriiKi*  'lulu  »t ii ll»l (<«• . 

Hliiilln*  nf  Vinlniix  » I  ill  Mill'd  I  |ilnli|imnt  hi . .  til  t  lie  <  'lliiml  (<•  Hi-wiiii’Ii  I  ji  I  in  fill  my, 

Hlnllulli'iil  nniimilliillnii  fur  (Jiinilrnniinli'i'  ( 'ni|i»  1 1  !•)  rt‘i'l  I  nn  "Hi'Vlm. 

I<II|||||  Miililllnn  uf  llnniir  I‘||IiiiIIuiih  wllli  ii|i  In  iwhhI,v*"I<i  iniklinu iix, 

1 1 1 1 1  n  1 1 1 1  ii  I  ill«l  rl  I  hi  I  Ii  in  1'iili'nliillnliN 
I'n  il  hi  lull  ly  ilii'niy  uf  I  •••  I  lm  m  I  m  r  riiKt’x 


X  110 
X  113 

x  i  an 
NA  1(17 
XA  177 
XA  IMA 

Ml  3 
Nil  HIM 
Ml  I, 'Ml 
NO  Mil 

NO  Hill 
NO  HA 
N(l  HA  Mm, 
NO  NA  Mm 
NO  I  AH 
NO  llll 

NO  IHH 

no  ami 
no  aio 

no  am 


343 


\A  IT  I'HliJh'l'TS 


MnIIumiiiiiIi'iiI  »Iiii IIc«  nf  IhimI-huiuihiIIiik  "l«lil«  fur  mm  wllli  kiimiikcv  I  minimi. 

Huiily  mul  i'ViiIiiiiI inn  nf  "iKlMlna  iitrlhiiil"  uf  liMilii'i  juu  u»no  In  i  H  S'nviii  Avimiuii  (rf*n  Kummry 
I  imI  HI  hk 

I'fi'imi'iill . .  lii»miellnn  iniirni'  fur  . . urul  mul  »IiiIIm||i*i«IIv  IhiuhiI  ■hiii|i|iuM  itrimmlunw, 

Himly  uf  in >*i*li*  iIiwIku  fur  Jnl  mul ui*" . 

An  ii  mi  l.v  Hivi  I  iiK'iliml  uf  ilmurniinlnir  »li'|i»'  «|h*i>i|"  Iii  luriiH  fruni  iilmingmiili"  uf  *|ii|w'  wnki>*. 

Himly  uf  Jet  . . .  uimriHlna  ul  «uli«nn|i>  mill  "ii|H*im:i;k<  vi'lunlHm*  fi<uiiiliuil«i«  imrlnr 

CnnlriM'l  Ndiifnl  7*1701 

XhmImI  ii  ms'  lullin  Air  Th'IiiiIi'iiI  IHvUIuii  «linlli'»  uf  ulirnifi  wh::;iuii  4*fTi*r*l  I  v4*M4*mm, 

I  'i<  *1  mi  I  Hill  y  mill  "lnll"lli|iil  "Iml.v  uf  |ili4iM*>lii>|4l<ni4<  (|r»* 

Mr  li'"llimnf  Mm  k  I A  IiuiiiI>«IkIiI 

I’rnlinlillliy  "imllu"  i|i<"lrml  in  wmimniluii  with  i-i linni Ihk  hi i*.  mm  In  liy  i>|imi<.|'hIikii  AA  huh  Urn  m 
Immlmit  ul r|ilrtiM<  im'Hi'Mi 

M hi Ii4*iiiii I li’iil  "I in liii"  iif  illvi*-lHimlH*r  mul  ImiihIi  i riiji’i*lnrli«4  in  nuHiinnilmi  will*  Alkmi  illvi»lmtiil»||rlii, 
Milllil'llllllll'lll  "Illllll*"  III  linllll'IIIK 

Tim  I  ii  |ii'i  ilni  lilll  I  ,v  1'iilimliilliin"  fur  ImntliliiKi  Niiviniilmr  IMI  I 
fi'iilinlilllly  imi'vi*"  fur  n«*i*  in  Hfinimniimi  wllli  Hiimiury  "iilvn  llm,  .In m*  hoa, 

A  ill  I  ini'i  m*i|i  i  lm  rl  mi'  i|i'fi'ii»i'  iii'i", 

Tlii'nii'ili'iil  "imlli'"  nt  Hiimr  nnlry  . . .  (mini IiiiiIiik  imilur  Cimirm*!  NOiif*)  71170  wllli  Nnw 

A  nrk  CnlvniHliy  mul  iinilur  Niivy  Cunlrm'l  wllli  I jiti'Viml  l'nlvi'r«lly], 

Himlv  nf  lnr|"'i In  "inuml"  mul  ihnlr  iimi<  hkiiIii*i  mmiuiivnrliiK  inrHnl". 

Hi mllii"  <il  in* ni'|ilmn*e*  in"l»  mi  iii‘iliimH">  miimrinl, 

ni'ini'iiilmiilim  of  ilt*|ii Ii  nf  iinili'rwninr  . . fruni  "infimi*  iilMrirviilluii"  [mini IiiiiIiik  Minlor  Cun. 

( rum  NOiif")  7II7II], 

Himlilli'Hl  mini, V"l«  uf  llm  iliiln  im  llmrimil  nl(Hrmt|i<rl«llM«  uf  Hiriinl"  mul  ilm  riHmivi*  |M*rfiirmniirn  uf 
(*nriilliltil«*  lmm*lmniliiK  im|iiI|iiiiihii, 


**  m 


I 


tft 


0*n> 

ink 


inkNjnAi 

uw 


Uf 


mMXI 


INDEX 


Tim  Mtilijrmt,  Indnxn*  iif  nil  MTIl  vnlitmen  urn  immlilnml  In  tt  imutur  linlux  |ir|iitm|  In  n  K0|mmin  volition, 
J'’nr  ttm'n*  Iti  Urn  index  volume  noiiHiill  I  lie  Army  nr  Nnvy  Amoiiny  llmnd  nn  lint  rnvemn  of  ilm  Imlf  tit  lc 


ABC)  tnrtlmd  of  eye  nlintilliiK,  AD 
Aennlrrntlon  enmwllim  fur  liintrl  nut  It, 

aft-ati 

Anrlnl  Kiiminry  ivneuieli  unit,  teenm- 
itiniidmlniiN  for  fortmitlnii,  Sail 

m 

Aerlnl  tviirfurn,  komitiiI  tlmory,  lit?  aiA 
fuetoi'H  iiffeellox  tvmfme  piohlotoK, 

atm  aor 

"mlltutry  worth,"  at  Hi  SOU 
iiffniinlvn  Miol  linfiirdvo  wiirfme,  III?  - 

i  mi 

i|tmnlltnUvn  ii tiulynln,  World  Wnr  II, 
307  Sift 

Aerulmlllnf  Iun,  |l  SI 
nerol wllNl Iim  vermin  eliiwilr  ImlliMi li’n, 
II 

Imlllxtle  ilelleel Ioiin,  III  IA 
dl*|iernloii ,  IN  SO 
iiioMoii,  Nnmll  of  iirojei'tlli’i  in  17 
tlmn  of  fllxlit,  II  III 
Air  demdty,  UN 

Alrliorue  fin*  routrol,  tiHMenNiiteni 
*rr  Kirn  Pimt nil,  iionlytle  i,»|iei'ti 
AlrfHirne  ninkntH,  l  an  MS 


Alrernft  rink  from  flnk.  III?  1114 
me  n/«o  Aiitjiilrnmft  rink  emii|iiitii* 

tlllllK 

niillnlrnrtifi  Urn,  |iliyxlnitl  |imnww, 
KIN  170 

liiwle  |inilileiii,  mnllmioiitlenl  Mindy* 
MIX,  III? 

friiKiiieiitiitlon  Mini  diioiiiipi  rideidii- 
tliuiN,  I  Nil  1 114 

lilxlorlrnl  miiiimiiry  of  r>i ttdii*x,  INI 
INti 

iitiitlii’iniii li'ul  iiniilotfiie,  1711  INI 
Vidldlty  of  mIuiHhm,  104 
Alrnrnft  rink  from  uluide  Mini,  INI  I  Nil 
idrlmrtm  roeket  lire  nlmly,  tmi  IN? 
ili'ltlnli  ntmlloH,  INS  INil 
|iro)nnlllnn  >mi loni’d,  IN?  (Nil 
rl«k  lo  Imikk  kiihi|i  of  uirnriifi,  I  HA 
INK 

limn  mid  proximity  fintmi  mmipMreil, 

IN, 'I  IMA 

Alr«|Hwdii,  !l  •  lift 
Alitnlirnln  kIkIiI,  K-l  I,  A4 
Ampllflrnlloii  fiietor  In  iruekliiK  errurn, 
OS 


mlvmitiiKe*  of  ronketH  over  tlrdl*,,  ISA 
«?  <J«k  lo  11  lumdier,  I H»4 
Uti-nlnhjllxnd  mnkelK,  IJMI  137 

|iri«rum  mitnmmliind,  ISA -I SHI 
'  ’’ Won  rirnkyln,  nerodyiiMiilr  iiMpneiM, 

is*  inn 

'V‘  In  of  nt  tJisk,  137  I Sll 

'i|  Mins  Kt H 
1  «l,<' 

*  >uin,  is*  lan 

U'  •dl'MIiei  IUN 
Nkw.  ’7  ',)H 

4 i»Ki'  tt  (( (|  |a)|  |#|| 

»erii  Ilfs  1  01  >,JN 

Alrliorov  memo  . . .  |lh, 


k lonmii) m  !■  d, 


’!  lit. 


lend  lo  vefiovd  i> 
r«ti*r  to  lm|i«t-  j,i 
Alrlntnw  wok  my  ni  ‘  .  ,  ,  , 

\w  US  Nl",,u' 

HTtlfMHlRlllInMtK 

runknUt 

S-Niwnit  (tuikimtilSrtrlw..  ^  |  ,.a 

sN*4d  twIt’fKtiK  klot'Omti 
I4S 

nlKlit  |irnillnt!si(g  full  Mid  . 

I  ilium,  HIM  4 1  ' 

Alrtmrne  ronknt^,  Iniul  ' 

m  I  it*  ml  1  wlrWiie  ruefcei / 


Oil  |ll|l  Hl|lt 


iltl 


AN  AW  I  rndiir  wtn,  I  III 
Any'  of  11 II  nek  1  nffoel 
nurviw,  !I7  ;|ti 
nlrniNNul,  !IN  Iltl 
linvintlon  fiiiinllou,  117 
niror*  of  ii|i|iriixliniiiloii, 
loud,  JIN 

ijindlliitlvn  nlTnnl,  Jill 
iriijentory  idilft,  117 

AiiNulnr  Minvliy  dro|i  of  flii-mnliilirnd 
lueki'le,  ja? 

Aiiitnlnr  iimiiiniiliiiiiiif  lui'itnl,  Sll 
AiikoIiii'  imridliix  normuiloii,  NJI  NI 
AiikuIiii'  rule  dnflnntloii,  lend  imiiii nit Iiik 
i>litlit»,  A7  AN 

Aultiilrnrnfl  niiotoiuniit,  I4A  llltl 
dry  run  nnnr»,  IA(l  IAN 
Ilm  uoiitrol  nyrlnnw,  HA  I A4I,  IttS- 
1*11 

KIIOM,  I4A 

kliiniinille  tu * mIi*|m  for  Ii'iiIiiIiik  |iur* 

jiOW’s,  llltl 

llomir  mid  i|Oiidriitln  dlrnntow,  IAN 

itia 

iiiiiiinriniddiffiiii'iiKiiiloo  niidwiiootli* 

Iiik,  l<!« 

lirnillntloii  ulriMiltn,  1 114  HIA 
I  inner  nlnreotirii|ilin,  Kill 
trlnl  fire  innlliod»,  I  (I  A  IIM) 
turret  lli»liilllilloiin,  INN 


J 


Aittliilrontfl  fire,  iiliyninol  pKHKiw,  HIS- 

17(1 

frnKlitnittn,  Kill  |7() 
fomi  nnllou,  Kill 

uinnliiiiilNiii  of  imtliilrnriift  kookj  KIN 
Kill 

lirojnntiln  ImioniiliiK,  ION  Kill 
nlmll  hut xt ,  Kill  171) 

Aiillidrnrnfl  Hie  nonirol  nynlniiiK,  I4A- 
I  All,  IDS  1114 
IIKMlKKIIIIMlU,  1411  I  AO 
noiti|ioiHOilK,  I4A  140 
dnleriitliinlloii  of  uitiiik  In  nyilnm, 
14(1 

Kim  1 1  lx|  u*ir|i  11 1  urrorn,  KIJI  104 
lii|iiit  nod  oiii|ioi,  I4N 
minuiln  vnlonlly,  illll 
ovnrull*i'(Tit|i|lvniieKH,  14(1  147 
|i<mII  inti,  147 

inedininil  |ionIIIoii  eriunn,  Ilia 
limdlnl"  147  140 
liriiliiiliilily  nnlniiliilloii,  IAII 
I  ninkloK,  I4N 
I  nil'll  I  ok  nrroi'K,  Ilia 
Anilnlrnriifl  rink  niiiii|<iitiilioiin,  170- 
IHJI 

Ill'll  I  x  1 1  rixk  kIiiiIIiw,  ina  IN!! 
fomiilnxlly  of  |trnli|etn,  170 
ninidlllooid  iirtilniiililiy  of  dnmiiKn, 
170  170 

. .  k.vkIi'iiik,  170  |?a 

ill"*  i'll  mi  Ion  of  Kimll  liiirKln,  17a  1711 
I  ii,  il  01 1  ill  It  y  of  dnmiiKn  In  kIiikI*'  nlr« 
nrnfi,  1711  IN| 

kIi'|in  In  noiii|iiitiim  dmiWK"  |trolw 
liillty,  KIN 

"A|i|iiiruot  .iH'nd"  mnl In ii|  of  oy«. 
xlilint |||xr.  All 

A|>|tronrli  miKii  | ,rt’t Sir! K *ti,  IA 
Ariiimnoni  of  Imovy  lioiiilmrn 

h-aii,  ilnfmiKlvn  lirtnmiiniil  nlodlnn 
Axxi'xkiih'o t  |im«rmiiM,  nlrlmrnti  flrn 
mint  ml 

kit  l''lrn  pout  ltd,  mild, vl  in  n*|Hmin 
A»li'iininlrln  mid IiihIm  of  K|mnn  jmllidM" 
ti'iiiiliiiilluii,  Iltl 

Aiiininuiin  tvnii|imiH,  uni ioirnt'iifk,  I4A, 
INN,  INI) 

AxIk  imiiviirler  In  3CII  imniinitni',  NN 

H-aii,  ilnfmiKlvn  iil'Itiiiliii'OI  «|  iiillnt,  800- 
8IA 

fiiniiitinK,  aia 

lilKtnrlmd  linnkumimd,  800-310 
opIlPMl  Ktiidlnn  Ml  I'rtamlnim,  SUM  SIA 

24ft 


uridiuimilliiiml  lmrk«nmud.  310-913 
(iwHIpiii,  aia 
ipmiiIim,  a  III 
iMthiiiquM,  aia-am 
viilimmlilllty  (if  iIIITpi'piiI  |wirf«*,  INN, 
INK 

H«oklii)(-ti|i  ihim'iww,  dry  run  print'  pnl- 

I'liimmil,  Inti 

Hnll-PiittP  liili'Kiidnr  for  K-H  *Ulu,  00 
•17 

HhIHmIIii  pikiIIIpIpiii  (*,  | a 
HitllUl  In  ilpflt'tMliiim,  |  a  |  A 
iiiikIp  nii  In  pi  ii  li<d  liy  ttmvliy  dni|i,  Id 
doloKni|iliH,  |  A 

liilPi'lirpliilloii  mid  piiIpiiIiiIIiiii,  IM  |A 
•••ml  poiii|iiii|iik  hIkIiIh,  A7 
IiImI  iiiikIp,  III 

MiiIHmIIi'  null  of  aril  poll  I ;  II 1 1  PI',  N? 
IIiiIIImIIpm,  I'lnwtlpid  ptiiprlor  vp>mum  iipi'ii- 
IiiiIIImiIph,  II 

IIpii i'Iiik  dpipriiilimiliiii  mi*! In h Im,  ihi 
Itlfiii'i'ulPil  iitirmiii,  na  MA 
III  Hill  H'l'M,  II  mill  lOI'll  I 
ni’f  ll-ail,  di'fi'iinlvi’  itrinii iiu'iii  n| milpn 
Hi'IIImIi  niillidri'i'iifl  ii»k  Ml  iiiIIi'm,  I  HU 
I  Hi) 

I'ITpi'I  of  Mill'll  I iii i'm |  dt'iiMlIy  on  |irolm* 
lillliy  of  dioimKi',  IN'j  INI 
pITppI  Ivpiipmm  of  illlTi'i'Pid  ii  id  In li-i'i  n fi 
mIipIIm,  | K3  INK 

Jlrll  lull  mil  i  min  I  Ip  kiiii  III, I'Iiik  IiiitpIm 
(Atll.T)  Murk  I,  IM 
lilt i*m I  of  ImiIIi'Ih  iIipoi'.v,  ts 
IIiii'mi  Miirfni'P of  iiiiilidri'rufi  mIipIIm,  i 7:1 
1711 

( 'nil Ill'll  I  Inn 

Kyi'OMPO|i|p  mIkIiIn  til  IIkIiIpim,  7ll 
IpiiiI  Poi|l|illllllK  hIkIiIm,  III  IIA 

at  'i  1 . . . . .  i>r,  na 

CilllIPNlM  iim  idrlioriip  iimmi'mmi til'll  I  Iii- 
Ml  I  I  |l  Ill'll  I M,  (III  |I7 
('piiiiiil  Mini Iiiii  llri'  poidrol,  N'J  till 
iiiiKulio'  ImiIIIhHp  mill  |iiii'iiIIiik  phi* 
I'l'l'l  li him,  Nil  N( 

I  Mil'  ll'  I'll'IIII'IIlM,  H'J 
fullmv*ii|i  MyMlPiii,  N1  NA 
klllPiniilii'  di'fli'iM  ii  in,  Ml 
I'piiiiiIp  poiili'iil,  na 
Hill"  or  lllHlit,  Hi 
tl'iijpplory  i'i iniil Ioiim,  HU 

arn  I'tiuii  niit'i',  na  na 

I'lii'uliir  (IiiiimmIiiii  dim  ill  hi  1  Ion  of 
IiiiI'mIm,  |k 

CIiimm  A  i'l'l'l  im,  Urn  Poidi'iil,  III  HA 
UIiimm  II  Pri'i M'm,  lli'ii  I'uiitriil 
P"iii|iiiIIiik  mIkIiIm,  HA  dll 
|||'H|||||"U,  AA 

PhIi-pIiIM  M-4  mIkIi!  MyMliuii,  IIIII  III) 
K,VI'omi'ii|i|ii  li'iui  iiiiIii|iiiIIiik  mIkIiIm,  711- 


unmlimifrid  pi'i'ui'N  of  I11111I  Pom|iulliiK 
mIkIHm,  (IN  III) 
iiHli-M|ip('i|  mIkIiI,  AA 
Mluuily  I'Itoim,  HA 

('iiIIImIoii  pi  iiiimp  HkIiIpi'  id  I  link,  1 20 
('"iu|iiitliiK  mIkIiIm  for  tilt'l loriii'  riH'ki'iM, 

Ml)  Ma 

IH'ittud  (milotiiitlli!  ihIpiimh  mIkIiOi  Ma 
mIkIiI  ih'kIppHuk  kllii'ioidlp  Ipiii!,  Ml 

ita 

mIkIiI  iii'i'illt'l  Iiik  full  IpiiiI,  vi'I'I IpiiI 
t linin',  Mt)  Ml 

('1  Mil iicl  fiiai>M,  rUk  i'i iiii|iul  11 1  Ioiim,  I7H 
CoidliiPidul  IhiIIImiIp  I'opllli'li'id  C,  I'J 

(  'llllldllildp  M,VmIi'IIIM 

iililliill'i'rufl  rlMk  i'"iii| ini  11 1  Ii iiim,  I7H 

17a 

mduuilh  mid  i'|pvidi"ii  mvmIi'iii,  'JN 
uun  nil' vii linn  mid  •  i’ii vi'I'mp  MyMlPiii, 

an 

lllillii'  of  mi'I  Ii  Hi  MyMluui,  'JN 

I'l'lllllvp  I . I'I  II I  III  I  I'M  fill'  |  Mil  "III  1 

I'lirvi'M,  iil 

II 1! >1 1  t>»M  of  I'll, III H1111I I'M,  117  MU 

HIiippI  pi  turd  I  i  iii  i  pm,  ill  la 

"lulu  i<li' vn linn  mid  H'iivpimp  MtMii'io, 

an 

Ml iiIiIIImiiI Ion  of  I'oiiI'iIIiiiiIpm,  IM 
('orkMi'ii'tt  I'olidinl  liimii'iivi'l',  III 


l>muiiKP  from  Hid  In li'i'i'iift  Iiiii'mIm,  (H'iiIi- 
nlilllly  Ml  oily,  I7H  1711 
in  nlmi  f'luk  iiiudyMlM 
miKuliir  di'iiMlly  of  fniKmi'iilM,  177 
I7N 

miKuliir  friiKiiii'ididliiii  iiidli'iu,  I7N- 
I7H 

mi'ii  of  di'iiMliy  of  friiKiiii'iilM,  1 77 
i'v|n'i'liii|  iiiiiiiIm'i'  of  diuiuiKluK  lili", 
I7H 

fidl-olT  lutv  of  fniKMii'dl  I'fTi'Pilvi'iii'MM, 

I7N  I7H 

fi'iiHiui'id  id  Ion  |iidli'ni  of  mIipII,  177" 
I7H 

liniliiililliiy  of  diiiiuiK"  lo  hii'Ki'l,  I7H 
"Ill'll  mid  Ini'Ki'l  I'lud'iii'lPi'lMllPM,  1 7li - 
177 

Iiukpi  m|m'piI,  177 
whip  Poind  of  friiKiui'idM,  I7N 
IIioii|iIiik  of  oNiiilliilory  irm'kliiK,  HI 
I  )iilil|ilUK  VII"  ,  IA  III 
'  *n 1 11  ri'ilui'l Iiiii,  lli'P  Poidriil 
mr  l'’|ip  poidrol,  riitv  ilnt it  ii>diiPlloii 
l)idiim  Him  of  iililinriMi  riipki'l",  137- 
I'JN 

I  h'ltd  I Iiiip  Pi'ror  lit  mdlnlri'i’iifl  llrp  turn* 

1  rol  n.vmIpuim,  Hill 
DiifiHiMlvii  iilr  wiirfiiiii,  11*7  IIM 
Di'ilprlloii,  m  ppp  Ip  rid  ml  liii'Kt'l,  8A  311 
m'Pi'Ipndluii  pol  inol  loiii  as  30 


klni'imdlii  miif  liulllMiln  i)pfloui|iuMj. 
lion,  an 

Duflppllon,  Miiimcppli'i'idi'd  U0KP|,a,'l  a  A 
IhimIp  foriuiiln,  |ilmm  til'  upUoii,  ail 
kliii'iuiilln  miiiI  IimIIInIIp  <!ppuiii|iiimN 
lion,  3-1  -3A 

ipiuIn,  an  at 

Hum  uf  fluid  limit l| illci,  3A 
Irm'kliiK  min  furiiiulnl Iiiii,  34 
IJi'IIpi'IIimi  mKmIiimI  ihiimiiII  oiirviiM 
»'■"  Otvu-M|MHHl  mIkIiIm,  di'Hpnilim 

HKIllllMl  |lllt1"Uil  PIII'VPM 
Dpflpplliiu  piiIpiiIiiIIoii,  (Mi 
DpIIppIIoii  llmory,  33  ail 
IimIIImHp  ili'tti'i'liiiii",  lit  ia 
PiilidllluiiM  for  vnlldlly,  aa 

dpiippiioii  dpiiimd,  aa 

Kuu-mll  urn ir,  an  at, 
ni'pp«"|lv  for  MyMlpiunllp  dpfli'i'l Iiiii 
llmory,  33 
iM'i'fppi  IiiiIIpi,  aa 

. . . rdl nut i<  m.vmIhium,  3N 

liumliimk  lumlmd  of  drllpi'llou  pmIpio 
ltd  ion,  an 

vi'i'l ur  iiipIIiiiiIm  nr  KPimnil  fonmiln 
di'i'IVMilou,  37  3M 

DpumII)'  of  Iiiii  "I  m  In  11  id  in  liorn  ft  llrp 
173  17!) 

I  lint  i'iipi  Ion  iM'ilml'Illiy,  imckpIm,  IA3 
1  H'vlidPil  iiimiull 
iIpIIiipiIi  Mil 

iIpIIpi'I  Iiiii  I  HM'i'i'iil  OKI'  fill'll  ir,  4l| 

I  kl'Vlltl  loll  fllllPi  loll,  |MII"ull  PIII'VPM,  1)7 
I >Im|mi|*mIi  111,  IN  3d 

ii  1 1- II  i'i  1  ik  vpi'miim  Kiimiid-lIrliiK  pul- 
lnniM,  is  ail 

pvroiM  in  Hip  poidrol,  (M  -iia 
IIiimiI mIiIIImi'iI  riM'ki'lM,  137 
font  11  nl  llri>  dlMlurl Ion,  3u 
Iniriui iiiImii  1  Ion,  at) 

I  )|m|ipimIoii  |iii I  Ipi  ii,  IK  ail 
iniimili'  vcloi'liy  pITppi,  311 
>i|M  liuiiiu  mImp,  Illil  1 1  Ml 
Ml hIImIIpiiI  iIpmi'I'IiiIIoii,  IK  3H 
ilipory,  IS 

DiMiiirlmd  ipIIpIc  |iiiiml|i|p  lu  IpmiI  poiii* 

|"ll III!!  mIkIiIm,  AN 

M vn  iiiikIp  of  id ll ionic  ropknlM,  |3« 

I  >1  ifi i«ni|di»  ( luill |m| lo-di-llpi'l  Iim  pIimi'Im), 

I A 

Di'mk  uii  ImiIIpI,  III 
Hi'ii|Mir*l)iivlM  mIkIh,  Ml)  I  II 
Drift  (ImiIIpI  iiihI Iiiii),  17 
Dry  run  pithi'm,  |All  IAN 
puiii|iiii  Imiiii  Indim.  I  A3 
■liilliill  lull,  I  All 

dynmiilP  iimipr  tluilliiKM,  IAA  IA« 
pk|H'IHinI  vhIi ip  pmIIiiimIpm,  |  A3 
lilmmliiK  uf  dry  niiiM,  l  All 
lirulmlilllty  uf  Mlmt  vvllli  kIvpii  dry 
iiiii  tlmimyltiR  IiipkuI,  IAII-IAA 


IMHK\ 


imihnliilHy  llueiry,  IA| 

W’I'IhI  eniThlitllnil,  | AW  IA!I 
wtrvlviil  piiih/dilllly,  |  AW,  IAA 
iinmiiilM lomil  vnlfKMM lillii.v,  IA| 

Dry  riiti  iMTiint,  t'lilriiliiiliui,  I  All  IAN 
lmi'kln*.ii|i  | hi miiMM,  i  All 
»*m»r  |M,i'|ii'iii|lHiliii'  in  I'Hmivd  tin. 
jMury,  I  All  IA7 

nliililllMiil  Inn,  nlieervniruin  tiimli'  friun 
Hitiil Iiik nun  iilmfumi,  IA7  IAN 
Dry  run  prlimlpln*  in  nlrlnirim  n*n>x*- 
iimnl  H'Kin,  ha 

Dyiminlr  leeler,  dry  rim  urruin,  IAA 
I  All 

Kilily  i'iiiti'iiI  »inlii« 
mv  (lynwimpli'  livid  doitiimlluK  n|kIhh 
KITwilvii  Iniumlmr  line  fur  fliiKiulillined 
riii'ltdiH,  IWM 

Kli'l'IninniKimlli'  hvkIivii,  KyriM,  74  7A 
l'!li'|iliiiiil  Mli'llmd  uf  |iyn  hIiiihI imu,  AN 
All 

Krrur  funi'ilmi*  fur  llinvir  uml  iliiiii|riiilu 
dlri'i'iiirx,  I  An  ltd 

Kniiiiiii'iiilid  miii mi liliiu  I'lri'nli,  no  in 
iildivl  inii'kliiK,  HI 
iimiilllli'iilliiii  uf  irni'kliiK  I'l'i'uiK,  iiw 

Imll'ivixii  I  hi  . .  dm  Hlri'iill,  mi  H7 

drini|iliiK  iKU'llliilury  truck  Inn,  ill 
dci'iiy  uf  fidw  IiviiIh,  hi  iiw 

li'iul  . . . ml ii l Inn  di’lny,  llil  III 

I'lM'llllliilliil  Nl/ililllly,  |iw  i!,'| 

hIkM  purmimlcr  clmli'i',  ||,'| 
nImh'Iiik  mill  jinn,  in  ny 
wi'IkIiIivI  iiviv iuji'k,  III 

. . Hill  N|in|  hIkIiIk,  I  |A 

I'vV"  . . .  I'nllllllllliill  II  It'  I  In  it  |H,  AN 

All 

AHC  iiii'IIiihI,  All 
"ii|i|niri'iii  *|KV'd"  nun  in  id,  An 
iM«inlvmilimi'*i  All 
1'iiily  uni',  An 
I'Mliml  ii»i*l  IiiiiI)  AN  All 
KZ-lll  K/.  IA  I  Icrillllll  kviii  Hglll*,  SI) 

l,,nlri'lillil  N-  I  »IkIh  xyiluii  ,  Iiin  Hu 
i'lri'nli  i’iiin|i< iih'iiIh,  Hi  t  mu 
i'Iiixh  ||  diriirs,  I!!1, 1  |  Hi 
''"IH|il"li’  "Inmll  I>I|I|I  I  lull",  Illll  III) 

l'»ll-"(T  In w  fm  friiKini'i.i  . . . 
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I''IkIiInN|iIhiiii  ii r iiiii ii iiu . t n  ijiiuutllnllvc 
Hiiidynlx,  WllN  Wmi 
Miwnnlilllimd  riH’ki'lx,  I'Jis  |W7 
iiiiKHliir  urnvliy  ilni|i  uml  Hum  uf 
IIIkIiH  IW7 
•lluiwmlnii,  IW7 
r'ffi'ullvi'  luiiiii'lmr  Him,  IWH 
Inuimlmr*,  IWH 
pmjuuillu  niH'i'iln,  ,W7 


I'll'*'  iniiilml,  mudyllc  iw|tmil*,  in  HNi 
nlrlnirim  Hun*,  04 
I'liriviil  lumtimiilMlil  fuel  In  vie,  |IA 
1'inir  I'liiMlIiiviiiiun,  ||.|  ha 
liiMlriiiiiMiiiiHinii,  in)  117 
Iimwiii-i*  uf  effecllvine**,  11)1  |IKI 
<  i|it  I  Inn  in  dl«|M'lvl'iii  |  in  I  ■  i  'll  i ,  III.')  |  INI 
Kiiiiimnry,  1 1  HI 

mriti'i  | hi i Ii  ili'tcriiiliiiitiiiii,  INI  117 
Klnt  minimi,  liixiriiiimiiliiiliiii,  INI  Il7 
'Hr  iiiii**  I'lmnlliiiitii  l ci'i i ii ii| ut>,  H7 
iiMniiimirli'  iiii'IIiimIm,  ml 
I H’lirliiu  mid  rmiNi'  di-lcrmlmiilmi,  |n| 
dlKiintl  reference  |iiiiiii  uml  In  id,  H7 
nvin'IminlKiiiliiM,  ml  H7 
l'’lri'  i*i hi i ii d ,  iihv  diiln  icdiii'llim,  II? 
Illll 

tlt'llt't'i Iiiii  1‘idi'iiliii Iiiiih,  mi 
nmiiMiii'iif  efTccilvence.,  ||||  Hill 
liimdlmi  I'nrri'i'iliiii,  mi 
I'l'iiliulilllly  ii ITi'l'l t'i|  liv  llirilxlil'i'liii'iil 
I'rniiH,  INI  llll 

f"iiillnii  nf  I'liurdiiiiiii'x,  U7  lilt 
I  'ln  I'iiiii  i  ni  I'm  (I’m 
c'limxllli'iillini  liy  iviiimi',  III  HA 

"•'ii  1*1  li'iil  . . . 

Mri*  I'liiiinil  xynimii",  mil  In  li'i’infi 
»ii  Viiilulri'iiifi  lire  eii m ml  Hynii'HiN 
I'lri'  I'uiil ml  llieury,  107  IWI 

"•'led  IrnekliiK  mi  . . .  »|«|,|  |  m 

117 

•'NIHilll'lll llll  m|iii|  m|kIiI«,  IIA 
hi  h  limili'K,  I  III  IW| 
nun  «|nmd  pin*  rmi'  mi'i'limilKiiliim, 
117  I  IN 

•ii'liir  Nuuui'iy  nlde,  |  IW  1 1 A 

ri'ei'iiri'li  ii . .  |(i7 

*l||lil  I'lirmillll'r  lie  II  finii'l  Ii  Hi  uf  llllll', 
IIA 

*lillill!#i'i|  »l«lil  ey.ieuie,  ||)7  IIW 
Hii'Ki’l  I'HIIIM'  I'lirviH hi r  ivii  ri'i'l Inn 

iiii'i'limilxiii",  1 17 

•I'lH'kllld  l'l|l  III  I  h  III ,  I  IN  I  III 

Milk  HliilUele,  | Nil  III ( 

nlm  Dmiiiiiki'  fiiuii  niiHtilri'iiifl 

Iiiii'mI *,  | in ilud till | y  eliulv 
link  I'linriH,  I  nil  | HW 
llnkiiiimli'le,  HlW  ilk 'I 
»inii|i  |iii  ii  hi  |  ill  1 1  y  fni'liire,  Illll  llll 
IIH’I  lull  In  Ilf  I'l'dimlllK  till  III  liek,  INI) 

I  INI 

| illll ili'Mie  In  lie  Nlildli'll,  INK 
Hi«lil  iiiikIi'  iif  nlrlnirim  rneki'l*,  IWN 
IWH 

Milliuv'llii  nyxli'ui  fm  I'cnl  ml  n| n | Imi 
lire  1'iiiiirnl,  Nl  NA 

l'iriiKumiilidlniil  mil liili'i'i'iifi  lire,  mu 
I7H 

I'ViiKiiiKiiliil Inn,  link  until, VnIh 
m  Dmii'itfii  friim  uniliilri'riifl  luireie, 
|"||||||||||||,V  Bimlvj  Milk  iiuulynlM 


247 


J'V/i)(ini'iMiil|iiii  pill  lie'll*,  mil  mlremft 
*lmll*,  177  171) 

l,'fn NkIIiIh  Hull  T-44  pmjwlllu,  IW 
I'*i0 urn  rniiKii,  iMInlllmi,  II) 

Kiincn 

miilidrernfi  nIiuII*,  1(11)  170 

in Hi* (m»i  fime*,  ri*k  mmipulNllims,  l?il 

primimlly  fime*,  ptirfuriummii  ermru, 

I  llil 

l  lum  mill  prnxlinlly  furee  rviin|iNi*d, 
(Nil  IN  A 

fii"iN*litn  dl*( i‘ll hi i inn,  mIii<||  liumiM,  IN, 
17.'! 

< Il'rilllMI  uyi'ii  elulile,  no 
(llimk  (ini'i'liiuil*ni  fur  inliiili'kliiK  Nlr- 
crnfl  nrli'id m Inn),  iin 
< liuniMiiili'  pmji'i'i Iiiii  i'< >i u| in l t<r,  ON 
(Iruvliy  drop  ii  null',  lit 
(  Iiiii  iIIm|h>i'nIimi,  I  llil 
Hiin-riill  I'l'him,  WN  Wu 
ilyriumitpi',  Mini illlmii Inn  um,  107 

*  i,viii*i'n|H'  null  uf  WCII  in nnpii i it,  Nil 

INI 

(iyi'imniipln  lend  eimipillliiK  "lullli,  Oil- 
Nl 

•'In*"  |i  errni'N,  70  7N 
IInIiII'I'  mIkIh m,  7N  no 
klimnmlli'  di'fli'i'l Imi  priidiiellnii,  70 
71 

iiplii'id  *,v»limi,  7W  74 

|i|iv*le*  uf  u  wvru  *y«iiiiu,  71  7W 

••IiikIii  Kyiueeiipli'edilv  i'iiitimiI  »Ij*IiI*, 

011  70 

Inrri'l  ly|m«,  7N 

I  lyniei'iiple  ll'nil  I'IIIII|U|I||IK  M|K|||e,  ||ie- 
elmlile*,  71  70 
I'li'i'l  ili'iil  elri'iiil,  7A  7ll 
i’li't'1  iiiiniiKiti'l In  eyeiem,  71  7A 
lliii'ke'e  jiilnl,  71 
liiri(iiii,  71 

(lymel'iiplc  lend  I'nlupiilluK  *IkIiI*  in 
IIkIiicm,  7n  Nil 

niinle  uf  iilllli'k,  mi  1 1  <i  mi  1 1"  i'i  mi  |  ill  I  ll< 
Him,  70  NO 
I'idllii'ulliin,  70 
i'lri'nli  *1  iiipllfli'u Hull*,  7N  70 
1  !('!'■!!!!!!  KVI'll  hI|(||In,  Nil 

•  lUKi'l  i'niir*i'  I'lirvn Hirn,  711 

IIiiiiiIIi'Imii'  uml  Iiiii,  III 
I ImiknV  ji ilul ,  K.yni  uymmn,  74 
lly|iiiilii'llivd  iiiiii'ldue,  nil  wurfiirn 
nimly*l*,  Will  WOit 

1 1  ii  Ill'll  I  imI  nlrH|mi'd  (IAH) 
nlrlnirim  rni'kul*,  IWN 
fnrtilldii,  ON  III) 
lull  lid  *| ineil  uf  ImlltH,  II 
Inliliil  yipy,  di'llidi Imt,  U 


S4H 


l  fSIHCS 


IfwMiliimiwHM  |irujMU|n  aimed  nf  flu. 

shddllxod  rncktim,  1517 
ImigiM'd  (curve*  of  eipil  Iniulj,  111 

Julius  llupklns  Unlvcrslky,  I  urge!  de¬ 
struction  imilmlilllly  studies, 
IA4 

K*8  mwlmiilml  siglii,  (HI  oh 
hull-cnge  Inicgrntur,  (Ml  -(17 
tittieplidv  dreiill,  117 IIH 

expunettthil  . . .  (Ml  117 

khicnmlhi  cituiiilims,  iih 
hiiend  nlieiili,  (17 

U"H  it|i*iilriwil  livid  fuuipiiilug  ulifiH ,  mii 
Iv- 1 1  nigehrulc  slglns,  !)4 
K- 1 VI  im'fhilllh'id  nliflil ,  IIH 
K»l!t  vei'lur  ei«|li( ,  IVJ  M 
Kliicnmllti  <li<tli>i<i Inn 
Iim  emii ful  i*i mii| hi tfif,  Ml 
fiinmiln,  81 

ll'llll  I'lllllplHillg  sights,  ,’i7 
|H'imImi*I  Inn  |||I<I  IimiIm,  711  7 1 
K 1 1 ii'lllii  1  li1  livid  In  iilrhni'nc  nickels, 

mi  mu 

Kliii'iniiilf  mhhIi-Im  rm1  I m I iiIiik  piif. 

|  II INOH,  Hill 

tmg,  811  81 

Ivilllll'lll'I'N  fill'  I'ul'kf  |N,  I8H 

IicimIi  NtrlHiriii'  nickels,  nil  nm 
dependence  mi  Mcnllicr  enuill!  lulls, 
III!) 

Ki'*i|ilm  uf  li'iiil,  Hill  Illl 
kliiciuni li*  li’iid  i<iini|iiiini Ion,  llti  HIT 
Mimimilli*  li'iid  In  intliiniili  pin  in*,  |  ,')8 
ktlH'lllilllc  li'iid  III  VI'I'I ll'lt I  idillll',  Illl 
li'iid  i'i iim|  ti uii'ii i n,  ci mi i  mi  i  n 1 1 vt'  i  iii- 
I"  m'I  iini'c,  I  •'( : I 

"| H'l'lll Illl!  Inslidillllv  fm'iiii  ,  |, ‘is 
slghllng  | m ii'cili m *«  fnf  li'inl  i'inii|iiiii|. 
linn,  1117 

vii flnl ill's  'III  which  ll'llll  riiiii'ilinis  dll* 
jii'iid,  Hill 

I, (Mill  ciiiupiillng  mikIiIm,  57  HI 
"I'lniii’iil  iii"l|nii  nyi<  mIiimiI  Him,  Ah  nil 
clcelrlciil  I  .vis's,  Mil 

|{,VriiM|iii|Ki  I  VIM'S,  nil  Nil 

ini'i'liiinli'iil  (y|ii's,  tin  mi 

1*1  Mill  1*1  i(n|  mi  I  Inn  sights,  I'lislc  ihcnry, 

A7  Illl 

niiKiilnr  rule  di'llci'llnn,  lit  flu 
I'ldllniilliin  cnjircpi,  lime  uf  lllglii, 

III  l)A 

elites  II  i*f fni's,  05  (III 

. Hint  liclHi'i'ii  hinging  him  I  Inii'klug 

fnlns,  mi  Illl 

dni'liy  nf  fulse  liniils|  III  ll’J 
dlsIKfls'd  let iflc  |Hllil'l|ilc,  AM 
flfsi-iMilei'  (minis',  A7 


»l*lil  (Millimeter,  IHI  III 

wniNiiiiinK  (’iiciii  i,  mini 
is'.;id  m|imlliinni  3>'(  31 
Mfl  I'lmlheleiil  uf  h  Imlli'l,  10 
i.lneitl'iUidnimdfnllPillis'MlnfN,  IAH  1118 
error  prodlclluit,  I, AH  IIH) 
finnlnm  cffiifs,  i ihi  IHI 
llicnrclicud  |N*rfi  immune,  illl  1 1)8 
?,V|H*»  uf  dlfnolnfs,  I  AH 
1<ih*hI  h t ill  nil *n  1 1,  ii  i ,  inrgci  (iiinfillnnles, 
IA7 

Mnnli  nmnliers,  effect  nf  high  iiiintl i«rs 
nil  linmlN'f  nllni'k,  4,1  44 
"  Mnrm-l  henry"  nf  wiirfnrc,  8IIH 
Mnllii  innlli'id  nun  lysis  In  wiirfnre,  81 A 
838 

design  iiinl  use  uf  Indlvldilnl  devlnes, 
8111  JIM 

Kcncml  dlsenssiim,  81 A  810 
Jiislllli'iilliin  fnf  nm l lii'iinii It'iil  sin* 

1 1» lies,  JIM  8111 
1 1| M'fiii i<in<d  mndysls,  JIM 
I'l'i'iiinnieiidiilliins  fnf  innllii'innl lenl 
eniisidlnnl  in  nil1  fnfi'cs,  881  838 
Mill rl v  iilgchrit  ii|i|>l|i<d  In  idrlinrini 
limit,  iim 

Meelinnli'id  lend  eniil|iidlnK  slglils,  (III • 
Illl 

elnss  It  cf fill's,  IIH  Illl 
l\  1  sight ,  IHI  IIM 
K  13  sight,  OH 

lillei'id  I'ffnf  eiiiM|nilininn,  Illl 
slglil  ei|iiHllnii«,  IIM  Illl 
"Mlern-i  henry"  nf  w  iirfnri*,  8IW 
"Mllllm  v  worth,"  gciicml  Ihcnry  nf  nil' 
ttiirfine,  31  HI  8111 

MI’I  (men 1 1  |inlnl  nf  I m | nii’l  l  In  ni'flnl 
gunnery,  |M,  11)1  Illl 
Musslc  veil ii'll y,  effeel  nil  dls|H<rs|iiil 
linllefii,  30 

Mn/sle  velneily  ermis  hi  nniliilfi'fiifl, 
Ilii'  t*i  ml  ml  systems,  IHI 

I  Iffeiislvc  nlr  wni'fiuc,  1117  HIM 
Hff»el  guns  In  iMiiivnnl  Inind  lighters, 
IIH,  1811 

I  l|ieriil  li  ill  il  I  ei'fi  ns  III  lire  eniill'iil,  III  IIA 
ll|M<ridliiinil  reseim'h  gimi|is,  rccmii* 
meiidnl Inns  fnr  fnfiinillnn,  8117* 

‘81  IN 

1 1|  i"  hi  Inind  Slnhlllly,  113  Illl 
•  l|dli'nl  syslem  nf  gyres,  73  71 
(iHii-s)M'ed  pins  mle  mei'liiinlmdlnn, 
117  IIM 

lhvii.s|N<ed  siglds,  Ift  All 
iippi'Hinli  ■  ngl"  pri'dl"llnn,  4A 
elnss  |l  eriufs,  f,A 


K*I8  vector  sight,  fii  A4 
pnsliliin  firing,  AO  A8 
mippiirf,  fire,  AA  All 
Incllnol  cneslilefiillmis,  4A 
(hvii  -*|M<nd  sights,  tie  tied  Inn  iigidli*! 
inifsiill  curves,  4(1  4H 
/iHfiMlynninlii  lend  fmrsidl,  411 
nlinlmi  nf  npilmnln  jsifeeninge,  4? 
4M 

devlitled  pnrsnll,  411 
IM'riMtiijage  fneinr  vnrlitliles,  40 
pure  piirsnli,  4H 

0*v(i-s|MM'i|  sights,  Hienry  verlfteidlmi, 
4M  All 

iiiiidylhi  elinek,  AO 

el uf  iiplllliillil  peieen  luges,  40  All 

t'liiiilnd  evldein'i',  4M  40 

I’lMitngmiili,  8(11  nniipiili'f,  M7 
t’nmllnx  iHirnM'iliin  In  inrgm  henrlng,  HO 
I 'tirii  I  In  k  null,  8011  I'litupMier,  M7 
I'emuil  ( n 1 1 1 "inn l le rehmse inckei  sight), 
143 

I’hiilngfiiphy  used  In  idrlHirue  iisscss- 
meid  iirngfitiiis,  |HI  07 
I'lnlll!  nf  ni'llnn,  31 

I  'III  N  le  ( (III  I'll  (III  X  Hi  if  |iui|  |i  M I  llU'Cltlllllsm), 
Illl 

1'hmII  |i  mi  llflllg  tv  1 1  h  nwii-spi'i'd  sights, 
All  A3 

l*i mil  Inn  siidiillsidlmi,  107 
lAileullniiieli'r  ii'snlver,  3(  It  i<<iiii|iiiler, 

MM 

I'redleied  |ins|ilmi  error*,  nuilidreriift 
lire  mill  ml  syslem,  103 
I'fi'ihcilnii  elrenlis,  Illl  IIIA 
linsle  desi'flpi Inn,  Illl 
ennveiillnind  I'lreull,  Illl 
respmise  mmlysls  inelhnds,  IDA 
Hperfy  A -el  mu  1 1 ,  IHI 
liiiigeidlnl  I'lri'ull,  101 
Tnppeil  "Irnull,  Illl 
1'ii'dlel ur's  lime  luise,  imlhdreinfl  Urn 
eunii'ul,  I IM  140 
I'fiihiihllliy 

mr  aim;  Ihiiuiigu  friini  iiullidrernfl 
lnirsis,  iiiiiIinI illlly  study 
duiuiige  In  single  iilremfl ,  mdlidrernfl, 
the,  I7H  IMI 

ilesl  runt  Inn  iiiuhiihlllly,  Inrgci*,  IA3 
illy  full  prnhiihlhly  llmury,  I  At 
sluil  with  given  dry  rim  will  lieslruy 
liirget,  1  /All  IAA 

siifvlviil  pi'uhidillliy  esilnuiiliiii  prn* 
. hue,  IAA 

Ihi ijceijle  hiuiii'hliig,  indhdivnvfl  tire, 
HIM  1110 

I'rujeul lies,  emiipitflsnii  sludlns,  |M7- 


ilctiulilmi,  4A 
K  l  I  uho'lifidn  slglo,  A| 


I  MO 

miiliilfiirufi  i  nr  iv  i  i  ns  i  ii  dn  i  inns  inm 
*•*1  iniliMiuillii  Weiipuiis,  IKK,  I  Mil 


('ONKIDKNTIAIt 


240 


H-311  vulnmlilllly  from  cHlTnri'iO 
unionuilUmi  ly|H»*;  I  MM,  1  MU 
vimhIIIIihihI  |ir«lmlil!lly  wit  It  illffer- 
fill  IiiiiiiIim,  IMM,  I  Mil 
*ltrit|mi>l  Mlifll,  IN7  IMil 
I’nmlmlly  finti*,  illitirlliiilliiii  nf  slidl 
IniintM,  1711  1711 

ft'fiMlinJiy  effecl  Ivime**  eimt|i»n.i| 
wllli  I  linn  fine*,  IMU  I  Mil 
l’mniill  ciii  vtw,  ,1(MM 
nrtnle  uf  nil  link,  117  1111 
lilfiirrnieii  immiili,  1(8  HA 
eemilfnnnl  fmwimil  limneeM,  !|A  ;m 
fnmlml  mmieiivem  liy  linnilier,  48  Cl 
ilndf  fill  in  hkiiIiimi  |iin»iillfiiivfM,  -111 
4M 

ili'vlnllnn  fiiiirilnii,  117 
liltlli  **|H»fil  (lulu i  f  niini'klnn  liltdi 
mjn'i'iI  in  mi  I  N<r,  411  44 

lllllllfhl  W'llfflll'f  IV|I| llll'lll  lllllM,  ,'UI 

imi'f  mill  i li< v In i f 1 1  imiHiili  i  henry,  Hi¬ 
ll  7 

I ii i if  innuiiit  i If lliii'il,  ilii 

I'fiimmii  fur  Inviwiluiiiliin,  ill)  ;|j 

liifllfiii  MiMiNliliifiil Iihih,  18  1 1 

lnl nl  ImiI'I  filflul'N,  llll  117 

Inif  ni'i'i iilyiiuiiilc  li'nil  |ini.iiili  i* iii'vc , 

10  18 

IWull  ein  viw,  ei|iinlliiii,  HI  118,  40  48 
hifiirinieil  imixnli,  118  1IA 
fMiirillimlcH,  111 

I I.V till llllt'lll  fl|tmllll||n,  411 

llifil  li'ii i I  imixiili,  iia 

kliifiiinlli'iil  >|||IiiiI!iiiih,  4i( 

i "i'll i"i |m  nf  lnl rinliifliig  tliuc  in,  ,i 

| iiirn ini'i f r,  HA 
imi'f  |"ii»iiii,  118 

lliiif  illiiifiiiliiiinl  i'i|ii,>i Iihim,  41  |a 
vmliililf  li'iiil  I'iii'miiIi  ,  H8 
IM’HH  ( i'i  nil)  ii  1 1  lux  >IkIiI  ),  I  III  III 

(Jimiliitllf  mill  llni'iii'  illi'fflniK,  |  am  |H8 
i'll  'I  |iifillfl  Inn,  I  AM  Mill 
I'miilimi  t'l'inin,  llll 
i lii'i ii'fi li'n I  |"'i'f"i'inmiff,  Mil  IU8 
I,V|hw  nf  iIIii'I'Iiuk,  IAN 
IJilHllllliillve  iiiiiiIymIm,  W"|Ii I  Will'  II 
iii'i'lnl  H.'iifni'i',  8117  81 A 
11-811  Ml iiillfi,  8(111  81 A 
IIMIiIhi.|i|iiiiii  ii I'Iiiii ii ii'iit m,  'JON  80" 
"llllll'l'll"  VI'IMIIH  "lull'll,"  Dll',  ,|'V  lif 
w  ni'fiii'i'i  aiiM 

Wuiml-Mli'mly  emnx,  lire  emu  ml,  UA 

ilmlm'  nunnery  iililn,  118  I IA 
iilrlmi'iiu  mum  liiylnu  mi-im,  1 1!| 
nii Iimi'iii'  mm  mIkIhh  (  m  imi,  i  in 
iiIi'Ihu'iiii  I'MiiKf  "Illy  mhIm  (AIM)),  I  111 
lii't'iii'iii m inn,  iia  llll 
rmlm-nym-Mlnlil  nyNimu,  llll  IIA 
i'i,i|iilh!|iifiil»i  118  I  III 

r 


Ifmilitl  Kill!  iiii'HiimI,  Irtieer  *lnren« 
KI'mIiIim,  IMU 

IlHiiM"  ili'li'i'inlimllim  iiii'IIiuiIm,  INI 
limine  ni  I  I'm,  MitiiMit  IiIiim  iiumnIIiIIIHum,  All 
Hull'  ilfltiwllou  nf  InmJ  i'i  ii 1 1 1 1 1 1 1  Imk 
mImIiIm,  A7  am 
Ilfili'  "ImI'IIU'iII'  .i,  ||)7 
lli'fiii'i'liini  nyMltt.tiM,  0  III 
Ill'IllllVf  Will, I,  II 

Ht'iimO'  fiminil,  mlvmiliinei  mill  iIImimI* 

Vlllll  IIKfM,  N8 

IlfMi'iirfli  I'lit'iiiiiim'iiiliiiliniM 
iii'ilnl  nunnery  reNemeli  mill  fnriiui- 
Oku,  8811  88A 

lii'i . .  iii'vi'|ii|inii'iil,  1117 

mill  IikiiiiiI  li'tii  fi  iihiiIi  m,i  f,,r  ulf 
fnii'i'M,  881  888 

mIiiiiiIiiiIiik  flffirniili'  eln'iiliN,  1 17 

l(Uk  i’"iii|iiiliill.,'liK,  mil  In  li'finfi  lire 
mi,'  Amliilrernft  rink  iMiniiiui nl  Iihim 

Hl-kM  III  KI‘MII|I  III  nlieinfl  finin  link, 
IUH  llll 
lliii'kelry 

mi,’  Alii", nil'  I'lii'kelM 
lint  til  Inn  iif  eiiiii'iliiinii'N,  nii'lii, rue  iliiin, 
07  OH 

Klllllk  II . .  UN 

Kl  l<  Hill  ill  lt>  l'ii||l|ll|tl'l',  UM 

mm  i'i*  iiii'IIiinIm,  iim 

Hlifll  Iiiicmi,  mitl.ilrt'i'iifi  Hie,  IUU  ini 
Hlifll  ImiimIm,  illMirllmOini,  178  I7U 
m |i|M'i imIiiiiiI Iiiiim  iif  iImiiiiiki'  nilfiilii- 

l  Iiiiim,  1 711 

InifMl  Mlll'flll'l',  1711  1711 
elmiliii'  (IiiiimmIiiii  iIIhi i'Hiiii Itm,  IK 
flTfi'l  mi  ilmiuine  |i"ilmli|l|iv’i  IM8 
I  Mil 

I  iimI  mi  I  iif  iI"HmUv  iif  Ihii'mIn,  178  171! 

I ii'ntlinli ,v  fiini'M,  I7i|  I7u 

hi'IinIOvII  v  nf  fuiie,  1711  1711 
m|iIii'Iii|i|ii|  '’miMMlmi  iHhIiIIiiiIIiiii,  1711 
lliiif  fiiMiw,  178  1711 
Hlil'ii|mi'l  mIii'IIm  i'iiiii|iiiifil,  IM7  IH'I 
Hlni'i'l  I'lHinllniili'M,  u  18 
Hllthl  I  nil'll  Ulf  IflM 
fill'll M'M  flTl'flllltl  flllllfl’,  UK,  II  I 
flllll'l  1,111  iif  inline,  I  IA 
l iIi.vmIi'hI  liiifi'iirfiminu,  mi  ill 
Hlnlil  if>|i"ii»e  fm'liii,  118 
HlnlM  m.vmIi'uim 

K,VI>MI'!i|ilf  leilil  t'l IUl|»lll  lll|(  MlldllH,  llll 

NO 

li'iiil  fii|ii|iiilllin  Miylil >,  A7  Ml 
I'lfflmiili'iil  le, ii|  i'ii||i|!llllllK  mIkIiIm, 
llll  (III 

imn-M|iff(|  mIkIum,  4A  All 
Ninlilllm'il  nlnlil  mvm) imiim,  1117  118 
Nlnlil  Inn  nifflimilMiii,  ii  III  iiil'iif  I'lii'kelM, 

I H8  118 

ImimIh  | in ihli'in,  Ilia 


miiti|iiitec  i‘ei|iili'fmfiilM,  HIM  llll) 
<'niii|iiiMun  mIkIiIm,  140  148 
Ii, V|ml Imlli'iil  Mlni|iln  i"tiit|uHimi,  1113 
I  HI) 

Ifiul,  IHH  HIM 

"IM'l'iilliilliil  IiimI ii lilllt y,  HIM 

IiIIoI'm  iimIIiiiiiIIiiii  nf  viii'IhIiIkn,  I  Mil— 
1411 

rule  uf  ttiiiii  Inn  uf  mIkIu  Hue,  140 
MiKlitlilK  |H'iieeiliii'i'M,  1117 
Hklil,  iili'lmi'iif  nwkeiM,  137  I8M 
Hletvlnu  t" in i hi,',  MiinmililiiK  elrenll,  III  * 
143 

HI, iwi|, mil  fiirlm',  31) 

HiiiiiII  nf  iiriijeeille,  Him  Ion  In,  IA  17 
ilrlfl,  17 

iiiiiIIiiii  hiiiI  ilniii|ilii|t nf  yiitv,  IA  III 
h'IiiiIum"  Jiiui|i,  III  17 
Hniuiiililun  elrmiil 
Mr,1  l'A|i"iifiiilnl  mum, nl IiIiik  elieull 
H|mff  | >n I  Ii ,  iiii'IIhiiIm  nf  ilelei'lltllllHIiill, 
1)11 

H|m'itv  Wire, ill,  llll 
Hiieny  h  II  mIkIiI,  An 
H|m'|t,v  H-N|l  Nlnlil  M.VMlem,  llll  113 
tiilviilil IIKI-",  1 18 

fmiHi t'liei Imi  mill  n|M'i'iii|im,  llll  118 
ercil'M  i'iiiimi'iI  liy  iiliernfl  iiei'i'lei'* 
1,1  Iiiiim,  1 18 

H|MMTy  mIkIiIm,  (C'lifi'iil  iIImi'iimmIiiii,  (III 
Htiiltlllniil Ion  "Iwi'i'vnl Iiiiim  niltili'  Irillll 
I'i  il  Ml  1 1  IK  nun  |,|,il  fiirm,  IA7  IAN 
HliiOllliieil  mIkIiI  My'Mlf him,  IU7  118 
I'llll'i'lillil  H  I  MyNleui,  IKK  I  ill 
H( terry  H-Nll  "lylu  Myrletu,  I  III  118 
mIiiIiIHmiiI  Imi,  mi  I  me  mnl  I  y  |  if  e ,  107 

HiiIiIIm  iiii'I l""l,  i ii . .  wi fit" 44111 1 >li«,  ItMl 

Hii|i|«ii'i  llif  iiMf  nf  im'ti-M|M'fi|  nlnlil, 
AA  All 

Hiii'vIvmI  lil'iil'iilillli  y  nf  imncU,  |A8,  IAA 


Tiifllfiil-Mlriilcnle  eiini|iulfi'  (THC), 
liy|ini  lift  lent  mlllimy  wm-i  Ii 

f"iii|"Ufii  8HI  8011 

Tiiflli'i,  new  ili'fel"|iuieiil«,  llll  181 
Hllnek  li.v  imeliin  lielilml  mnl  lielutv, 
llll  l'80 

lOlitek  mi  ei iIIImIuii  i'iiuimI',  181) 
hITmi'I  nun  iiilnekM,  I  III  181 
ii|iwmil  limrnnf  lire,  181 
TmineiUlnl  | uvilli’l Inn  elrenll,  llll 
Tii|i|m'i(  iiretllellnu  elrenll,  III  I 
Tmn"l  ei  hi  I'm'  eni'Viiliiii'i  eniTuellim 
iiieelimilMiiiM,  1 17 

Tiirnel  I'niii’Mii  eiii'viilnre,  elteei  mi  nyni- 
Mf"|ile  mIkIiIm,  7H 

Tnrnel  ili'Mi niel Inn  iii'iiliiilillliy,  IA8 
Tnrni'l  M|n'ei|,  t'liuiill Iniiiit  |iniliiililllly 
euii'ulm  Iiiiim,  177 
TAH  (Irne  iiIim|iiii'iI),  HM 


StJiO 


I  MIKA 


Tlirt'n  illinniwIiHml  |Mirmilt  wwi  m|iin« 
linin',  41  42 

Timit  I  Kick  mi'll  mil,  ili'lli'i'llnii  miitiiti' 
I  Hi  lull,  Sll> 

Tilin’  fiiww 

iIIhI I'llmi Ion  iif  hIiuII  liiimm  172  1711 

i'ffi’i’1  Ivi'Ui'HH  i’iiiii|inii’il  wlili  |ii'im- 

linlly  fu»w,  t*K?  ISA 
Tlini-  of  lllglil 

riillliriilliin  I’uiii’i’iil,  III  HA 
flii*ni ill illlni'1 1  iiH’ki'iH,  127 
flrn  foiilhil  i*mIII|ii|Ii’I'i  HI 
mull  l|illi'i‘,  2A 
rt'fi’ii'iii'i’  h.VkIi'Iiih,  II  III 
ri’liillvi’ nvhIi'Iii,  12  III 
HIiiitI  nynli‘111,  III  12 
H’tiJi’i’Uiry  l«n|f  i’i|iiiiiliiiiii,  in  III 
2CII  i'iiiii|iiili,i',  SH,  Nil 
ToI'miii',  k.vi'o  Hyoli'im',  71 
Tot  ill  luiiil  on  nimnfi,  llil  H'7 
Trmw  »ii'ii,iiKi'ii|ili» 

l  it  1 1  In  I  Kill  I  liiulliiiii,  Hill 
Hllllll*  IIK’I  III  M  I,  HIM 
Triii'klu* 

iililcil  Iiiii'Uuk,  HI,  I  III  1 17 
ttni|illlli’M*  lull  fiH'iur  In  Hiii'kliiK 

i  ■  in  u«,  112 
l'l|!llllloll,  I  IS  |  III 

••I'vor*  In  iiiikIi'k  In  iiiiilnlii'iiifl  1 1  i'i  * 
I’uiiirnl,  1 112 
rule  fiiriniiltilliiii,  21 


rnln  Miiiiinl  IiIuk,  HO 
w  illi  n  llxi’il  hIiiIiI  fur  itli'lmi  ni’ 
nnikulH,  1211  Hill 
Trnji'i’liiiy  i'i|iitilliin« 

IiiikIii  i'i|iiiilluiiHi  II)  HI 
I’i'iilriil  Hint  lull  llrn  i'iiiiIiiiI,  S!l 
Ti'iiJi'Plmy  slilfl,  117 
Trlnl  niifsli',  IihIHhII”  ili'llimlkm,  HI 
Trtnl  Ilii*  |ii‘iM‘i'ilui”,  I  HA  I IMI 
Trlnl  Ki'in  I  li'iil  III  m'l'iiliiilllHlIm,  211 
Triiii  iili'H|Nim|  (TAM),  12,  IIS  11(1 

Tiirrul  IiihIiiIIiiiIiihh,  mitlnlii'riifl  i'i(iil|i- 
iiii<ii i ,  IKS 
TiIITI'Ih,  I,V|ii>h,  7H 
2('ll  I’liiiiinil nr,  m2  11(1 
2CII  <*i nil) ml <’i‘,  <ii|IiiiIImiih,  k(I  St 
(■orriH’lliiiiH  fur  mitfiiliii'  IiiiIIIhiIii  mill 
inmilliiH,  Sit  St 
kiiii’iiint In  ill  fk'i'lli hi,  HI 
t Inn'  of  IIIrIiI,  St 

Iriiji’i'lory  i'i|iiiitluii,  vi’i'lur  fuiin,  Nil 

2CII  I'uliiinili'l,  fill’  I'iiiiIiiiI  HVhIi'IiI,  SA 
112 

<’n  lit  ini  t  Inn,  1)2 
i'oiii|iiiiii  iiI  imrlH,  S7  1 12 
«'i nii| uiii'i  | in il ili’ii i,  HA 
I  in >i •li'in  h, i|ui  li in  iiu’i  liml,  NA  S7 
21  II  i'iiiii|iiili’l',  |  hi  cl  h,  S7  1)2 
nvl«  I’i  im  i'll  nr,  SS 
iIIIhIIi'  null,  S7 

v 1 1 wi'i i| in  llllIlH,  Sll  INI 


r«inHi(jni|ili,  S7 
I  m  ml  In  n  unfit  S7 
jiiiii'iilloiiiiili'r  ruHiilvni',  IHH 
miitfi'  fnllmv*n(i  muinr,  (1 2 
IIiiiihiMHkIiI  nlmiili,  SH,  HI) 
ini  ill  non  i>u|  lull  lliulnm,  HA,  IM)  112 

I "iirnmlll Itiiini  vulniirnlilH'.y  'if  iMiKttln, 
IAI 

I  'nlvi'iwlty  of  Ti'xim  Ii'hHiik  i»nnlfi«,  1H7 
I  pis  mil  lnirriiKii  Aw,  121 

Vnrliiiii'i'  mill  nuvtirlHiiin,  viiliii'mlillHy 
iIImI I'lliiil Inn,  IAI 

\  ci'iiir  mi'iliml  nf  ,|"i-lviil Imi,  ili'fli'd* 
i  imi  fiiriiiiilii,  27  2s 

Vi'i'liir  hIhIiI,  K-KI|  A2  A4 

Viilni'i'iilillliy  nf  inrKi'lH,  i'iiiiiIIUiiiihI 
mill  iiiM'tinilll |i iiihI,  IAI 

Wi'lKlitfd  nvi'iutti'H,  Himmi lilmi  I'lrniili, 

HI 

WIiiiIiiki'  JiUli|i.  Ill  17 

Wui'ld  Wnr  II  iii'i'liil  wnrliirc,  i|iimiiH 
I nl I v*'  iiiiiiIvhIh,  2117  21 A 

S  nw ,  million  iiihI  iliiiii|ilii2,  (A  Hi 

Zorn  Illi  Iliiu,  iiliimriii'  1 1 M'ki'l h,  I2S 


>N 


0% 

h  dun  ft 


